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REVIEW ARTICLE

The High-Risk Cardiac Patient Undergoing
General Surgery
J. E a r l W y n a n d s ,

The challenge of the high-risk cardiac
patient undergoing general surgery
will be met only when an aggressive
approach is taken to avoid an un
favourable balance between the oxygen
supply and demand of the myocardium.
In the past this challenge has been
accepted in the operating room but
postoperative care has been less than
adequate. The intelligent use of potent,
effective pharmacologic agents and
intensive monitoring of myocardial
performance intra- and postoperatively
have greatly reduced morbidity and
mortality in patients with ischemic
heart disease undergoing aortocoronary
bypass procedures; they can achieve
similar results in such patients who
must undergo general surgery.

Le defi que posent les patients
cardiaques a risque eleve qui subissent
une chirurgie generate ne sera releve
qu’avec le recours a une technique
aggressive destinee a eviter un equilibre defavorable entre I’apport et la
demande d'oxygene du myocarde. Dans
le passe, ce defi a ete accepte dans
la salle d'operation mais les soins
postoperatoires ont ete moins que
satisfaisants. L’utilisation intelligente
d’agents pharmacologiques puissants et
efficaces et une surveillance intensive
de la performance myocardique
durant (’intervention et la periode postoperatoire ont diminue significativement la morbidity et la mortality chez
les patients souffrant d'ischemie
cardiaque soumis a un pontage aorto-
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coronarien, et peuvent donner des
resultats semblables chez ces patients,
lorsqu'ils doivent subir une chirurgie
generate.

Great progress has been made in re
ducing morbidity and mortality in
patients with ischemic heart disease
who undergo aortocoronary bypass
surgery. This has resulted mainly from
a better understanding of the abnormal
physiologic processes in such patients
and the effort made to bring the pa
tient to the operating room in the best
condition possible. The patient is also
meticulously anesthetized and after
his heart has been operated on and its
function improved he is sent to a
postoperative intensive care ward
where he continues to receive special
ized care for 48 to 72 hours. In con
trast, a patient with severe coronary
artery disease who requires general
surgery, although he may receive the
same diligent pre- and intraoperative
care, may spend only a few hours in
the recovery room before being dis
charged to the ward. This practice is
followed even though the cardiac per
formance has not improved and the
patient may be subject to all the
postoperative complications of one
who has had cardiac surgery. Hence it
is not surprising that Steen, Tinker
and Tarhan1 and Tarhan and col
leagues2 found no improvement in re
infarction rates of patients operated on
in 1974/75 compared with the 1967/
68 period. The obvious challenge is to
reduce reinfarction rates in patients
with ischemic heart disease who un
dergo general surgery. This can be
achieved only when the meticulous
care given to patients who undergo
aortocoronary surgery is provided for
the patient who is subjected to general
surgery and whose life is threatened
by coronary artery disease.
For 20 years we have anesthetized

patients with known severe coronary
artery disease for revascularization
procedures of the myocardium.3-4 This
paper presents our current approach
to the patient with severe ischemic dis
ease of the heart who is to undergo
general surgery.
In a patient with coronary artery
disease there is a critical balance be
tween myocardial oxygen supply and
demand and when this balance is un
favourable myocardial infarction may
result. Factors that are important in
this critical balance are illustrated in
Fig. 1.
Myocardial Oxygen Supply
The oxygen supply to the myocar
dium is dependent on the oxygen con
tent of arterial blood and on coronary
blood flow. Important factors deter
mining oxygen supply to the myocar
dium are shown in Fig. 2. The oxygen
content of arterial blood is proportional
to the concentration of hemoglobin and
its degree of saturation. The relation
between arterial pressure of oxygen
(Pao2) and hemoglobin saturation is pre
dictable from the oxygen dissociation
curve which is influenced by several
factors, namely, temperature, pH, the
concentration of 2,3-diphosphoglycerate
(2,3-DPG) and carbon dioxide pressure
(Paco,).5 The Pao2 is dependent on the
inspired oxygen pressure, the adequacy
of ventilation and the functioning of
0 2 Demands:
0 2 Supply:

• C o n t r a c t ile s ta te

• 0 2 c o n t e n t o f a rte ria l b lo o d
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F IG . 1— Factors in critical balance be
tween oxygen supply and dem and of
m yocardium .
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the alveolar-capillary interface as a
gas-exchange membrane.
Coronary blood flow in the normal
heart is primarily related to three fac
tors— autoregulation, perfusion pressure
and blood viscosity.6'8 Autoregula
tion is most important in determining
the distribution of blood within the
myocardium. Resistance vessels are
dilated by a reduction of Po2 and by
elaboration of metabolic waste prod
ucts, thus directing blood flow to areas
of the myocardium that require it most
urgently. These mechanisms permit
adequate blood flow to the myocardium
at a low systemic blood pressure.
In the heart affected by coronary
artery disease coronary blood flow is
compromised by narrowing of the
main stem vessels while the response
of the resistance vessels is normal.
Blood flow through the myocardium
is then related to the degree of narrow
ing of the main vessels; the greater the
narrowing the more blood flow be
comes pressure-dependent. When pres
sure falls below a critical point, blood
flow will cease. The pressure required
to maintain blood flow in diseased
vessels is individual for each heart.
Viscosity is important when the hemo
globin concentration is higher than
normal. Although blood with a hema
tocrit of 55% has a higher oxygen con
tent than blood with a hematocrit of
35%, the work required to propel
the more viscous blood more than off
sets the advantage gained by the higher
oxygen content.

Oxygen Demands of the Myocardium

These are readily understood and
most easily expressed by an analysis
of blood pressure (Fig. 3). Blood pres
sure is the product of cardiac out
put and peripheral resistance. Cardiac
output is a function of stroke volume
and heart rate. Stroke volume is di
rectly related to the degree of con
tractility of the myocardium, the
amount of blood that is filling the heart
during diastole (preload) and the im
pedance to flow during systole (after
load). Afterload is, therefore, pri
marily related to peripheral vascular
resistance but also to heart size through
Laplace’s law: the greater the radius
of the ventricle, the greater will be
the oxygen requirements of its muscle.
Thus an increase in preload, by in
creasing the radius of the ventricle,
may also increase afterload.
Contractility reflects the velocity and
extent of shortening of cardiac muscle
and, for a given end-diastolic volume
or pressure, will determine cardiac out
put. This relation is expressed by the
Frank-Starling curve. Various families
of curves can be drawn depending on
the degree of contractility of the myo
cardium. Thus, in the depressed heart
the curve is shifted downwards and to
the right, whereas in hearts with a
high degree of contractility the curve
is shifted upwards and to the left (Fig.
4). Contractility will be increased by

(+)

inotropic agents such as digitalis and
catecholamines, and by an increase in
sympathetic tone and in heart rate due
to the force-frequency relation. It will
be depressed by a loss of muscle, by
certain pharmacologic interventions
such as /J-blockade and by intrinsic
depression as occurs in hypoxia and
acidosis.
Preload is a function of venous re
turn to the heart and will be increased
by any factor that decreases venous
capacitance; conversely it will be de
creased by any factor that increases
venous capacitance. Nitroglycerin is
an example of an agent that causes
venous dilatation and, therefore, a re
duction in preload. Preload is also
reduced when there is a loss of intra
vascular volume, whether due to hem
orrhage, burns, long-standing hyper
tension, or hypoproteinemia.
Afterload will be increased by fac
tors that increase peripheral vascular
resistance such as an increase in sym
pathetic tone or the administration of
catecholamines such as norepinephrine
or an a-stimulator such as phenyle
phrine hydrochloride. It is also obvi
ously increased in the presence of
aortic valvular stenosis and, as has
been indicated, by an increase in the
volume of the left ventricle due to
an increase in its radius. Oxygen de
mands of the myocardium are there
fore increased when systemic pressure,
• Digitalis
• Catecholamines
• S y m p a t h e t ic s tim u la tio n
• F o r c e -fr e q u e n c y relation
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FIG. 2— Important factors determining
myocardial oxygen supply. 2,3-DPG =
2,3-diphosphoglycerate, P a C 0 2 = arterial
pressure of carbon dioxide.

BP = CO x PR
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Treatment of Heart Failure:

Afterload
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M o v e c u rv e to le ft & u p by:
• 1 C o n tra c tility (In o tr o p ic a g e n t)

FIG. 3— Factors influencing oxygen de
mands of myocardium related to blood
pressure. BP = blood pressure, CO =
cardiac output, PR = peripheral resist
ance, SV = stroke volume, HR = heart
rate.
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FIG. 4— Frank-Starling curves. LVEDP =

left ventricular end-diastolic pressure.
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heart rate, myocardial contractility, pre
load and afterload are elevated.6,9,10
Patients who have ischemic disease
of the heart may be in a precarious
situation where there is an increase
in the oxygen demand of the myocar
dium and the oxygen being supplied to
it is inadequate to meet its needs. The
most important questions to be an
swered are: How can we anticipate
that this critical balance may be in
jeopardy? What are the signs that
ischemia is present? and How can one
restore the balance to a more favour
able position for the myocardium? One
would anticipate a problem if there is
a clear-cut indication that the oxygen
supply to the myocardium has been
reduced, as when there has been an
acute reduction in hemoglobin concen
tration or when the patient has been
exposed to a hypoxic mixture of gases
or a severe reduction in systemic pres
sure has occurred over a protracted
period. Reduction in oxygen supply
would be anticipated also in a patient
who has a sudden increase in blood
pressure or heart rate; Robinson11 and
Cokkinos and Voridis12 showed that
the heart rate and the systolic blood
pressure taken as a product (rate pres
sure product) could be consistently
related to the oxygen demands of the
myocardium. Patients with ischemic
disease of the heart will have a rate
pressure product (RPP) that will con
sistently produce signs or symptoms of
myocardial ischemia. It is interesting
that exercise programs that enable
patients with established ischemic
20 000

15 0 0 0 - ■
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'■Control
Physical training program
or propranolol

— I------- 1-------- 1-------- 1
5

to
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20
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FIG. 5— Rate pressure product (RPP),
obtained by multiplying systolic blood
pressure by heart rate.
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FIG. 6— Vasodilators reduce myocar
dial oxygen demands by lowering pre
load or afterload, or both.

heart disease and angina to increase
their physical effort before angina is
precipitated will, when angina occurs,
always evince the same RPP. The ad
ministration of the /3-blocking agent
propranolol, by lowering heart rate
and blood pressure allows one to un
dertake a longer period of exercise be
fore reaching the RPP that precipitates
angina or signs of myocardial ischemia
(Fig. 5 ).13,14 One would anticipate
then that the patient may have the
critical balance of oxygen supply and
demand in jeopardy when the RPP
approaches the value at which the
patient is known to have had symp
toms or signs related to myocardial
ischemia.
Myocardial ischemia may be pre
vented by avoiding those situations
that decrease the oxygen supply to the
myocardium or that increase the oxy
gen demand of the myocardium. The
long-established conventional treat
ment of myocardial ischemia has been
to improve the oxygen content of ar
terial blood and to guarantee a mini
mal systemic blood pressure that pro
vides satisfactory coronary blood
flow. Hence the avoidance of hypoxia
and hypotension is highly important;
consideration of these states directs
attention to the oxygen supply com
ponent of the critical balance just de
scribed. In recent years, however, it
has become obvious that a significant
improvement in morbidity and per
haps mortality can be achieved in
treating patients with myocardial
ischemia if attempts are made to re
duce the oxygen demands of the myo
cardium while still ensuring an ade
quate perfusion pressure in the dis
eased coronary blood vessels.15'16 Guiha
and colleagues17 showed that patients
with intractable heart failure, some of
whom had severe coronary artery di
sease and who were receiving what was
judged to be adequate medical therapy
with digitalis and diuretics, were greatly
improved hemodynamically and symp
tomatically when afterload was reduced
by the administration of intravenous
nitroprusside. The outstanding benefi
cial hemodynamic changes were a re
duction in arterial pressure to a level
that was still compatible with adequate
coronary blood flow, a reduction in
heart rate and a notable reduction in
peripheral vascular resistance (after
load) and in left ventricular filling
pressure (preload and afterload); all
significantly decrease the oxygen de
mand of the myocardium. Simultane
ously cardiac output increased greatly
and the patient’s symptoms improved
significantly. Chiariello and associates18
compared the effects of sublingual
nitroglycerin and intravenous nitro
prusside on patients with ischemic

heart disease and an elevated ST seg
ment. When arterial systemic pressures
were lowered to values judged to be
adequate for maintaining coronary
blood flow, an equal reduction in left
atrial pressure was produced by the
two drugs, but in patients receiving
nitroglycerin, elevation of the ST seg
ment was reduced while in those re
ceiving nitroprusside the elevation was
increased. Studies with animals showed
that nitroglycerin improved blood sup
ply to ischemic areas of the myocardium
while nitroprusside reduced it. Chia
riello and colleagues attributed these
results to a coronary steal phenomenon.
Furthermore, the ratio of endocardial
to epicardial blood flow was improved
by the administration of nitroglycerin
and rendered worse by nitroprusside.
They concluded, that nitroglycerin is
more effective in treating ischemic
heart disease probably because this
agent causes a redistribution of coro
nary blood flow in a manner favour
able to the ischemic myocardium.
Both drugs reduce oxygen require
ments of the myocardium, nitroprusside
predominantly by reducing afterload
and nitroglycerin predominantly by
reducing preload, although in high
doses nitroglycerin will also reduce
afterload (Fig. 6). Phentolamine has
also been used to decrease afterload.
Although it does this extremely effi
ciently, it has the undesirable effect
of producing a significant increase
in heart rate.19,20 Beta-blocking agents,
as previously mentioned, reduce heart
rate and, over a period of time, sys
temic blood pressure; both these ef
fects significantly reduce the oxygen
requirements of the myocardium. Beta
blockade has now become firmly estab
lished in the pharmacologic treatment
of ischemic heart disease and in our
opinion has greatly reduced morbidity
in patients with severe ischemic heart
disease who undergo anesthesia and
surgery. It is an efficient method of
preventing the attainment of the RPP
that will produce signs or symptoms
of myocardial ischemia.
O perative C onsiderations

The operative period conventionally
starts with the induction of anesthesia
and ends with the patient’s arrival in
the recovery room. Morbidity and
mortality in patients with ischemic
heart disease who undergo general
surgery will be improved only when
the intensive care and monitoring
of the operative phase are extended
into the preoperative and postoperative
phases. Preoperatively, the physical
status of the patient must be estab
lished. This includes assessment not
only of the extent of the coronary ar
tery disease but also of any other asso-
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dated illnesses or medication regimens
that will influence the balance between
myocardial oxygen supply and demand
(Table I). The history of angina, its
precipitating factors, duration and
severity are extremely valuable for this
purpose. Typical angina occurring at
rest or precipitated by minimal ex
ercise correlates well with extensive
coronary artery disease as demonstrated
angiographically.21,22 The RPP at which
angina occurs is a valuable indicator
of the patient’s reserve.12 Atypical and
Prinzmetal anginas do not necessarily
correlate well with severe coronary
artery disease.22,23
The presence of heart failure indi
cates myocardial dysfunction and so
may the roentgenographic demonstra
tion of an enlarged heart. Incipient
failure should be suspected in patients
who have sinus tachycardia, nocturnal
cough, nocturia, easy fatigability, in
somnia, recent onset of dyspnea and
the existence of a third heart sound
or pulsus alternans.24 Patients with
overt heart failure or evidence of in
cipient heart failure should receive
digitalis to reduce the oxygen require
ments of the myocardium. In patients
who do not have heart failure and are
receiving digitalis the oxygen require
ment of the myocardium will be in
creased owing to the greater myocar
dial contractility and peripheral vas
cular resistance induced by digitalis.13
Digitalis will favourably alter myocar
dial oxygen requirements only in the
patient with an increase in end-dias
tolic volume of the heart. It is con
traindicated in patients with ischemic
heart disease who do not have heart
failure, because the oxygen demands
of the myocardium imposed by the
drug increase when heart size is not re
duced.
Tarhan and colleagues,2 in a retro
spective study, demonstrated that pa
tients who had had a myocardial infarc
tion within 3 months of surgery had a
37% rate of reinfarction and that this
rate was reduced to 16% if surgery was
delayed for 6 months after the first
infarction. Beyond 6 months the rate
was 5% but the overall mortality from
reinfarction was about 50%. This rate
was higher in patients undergoing in
tra-abdominal and intrathoracic surgery
and commonly occurred on the third
postoperative day. We believe that sur
gery is contraindicated in patients who
have had a myocardial infarction with
in 6 months of a planned operation.
A normal electrocardiogram even
on exercise does not preclude severe
coronary artery disease.25 Depression
of the ST segment of 2 mm,26 elevation
of the ST segment or Q waves and a
history of typical or atypical angina
correlate well with substantial obstruc
478

tion of coronary arteries. Patients with
ischemic heart disease are prone to
arrhythmias due to electrical instabili
ty. The arrhythmias typically encount
ered are isolated premature ventricular
contractions (PVCs), salvos of PVCs,
multifocal PVCs and PVCs exhibiting
an R on T phenomenon.27 There may
also be brief periods of ventricular
tachycardia which spontaneously con
verts to normal sinus rhythm. These
arrhythmias, particularly when pro
voked by exercise, are strongly sug
gestive of myocardial ischemia. All pa
tients with the aforementioned find
ings should undergo coronary angio
graphy to demonstrate definitively the
extent and severity of coronary ar
tery disease.
Associated diseases may disturb the
balance between oxygen demands and
availability (Table II). There are dis
eases of the cardiovascular system co
existing with coronary artery disease
that decrease the efficiency of myo
cardial function and increase oxygen
demands of the myocardium. In pa
tients with systemic vascular hyper
tension myocardial oxygen require
ments are increased and such patients
should be appropriately treated, other
wise morbidity will be substantial.28
Pulmonary vascular hypertension is
not common in patients with ischemic
heart disease but may be present in
patients who have associated mitral
valvular disease. Patients with coexist
ing valvular disease and noncoronary
myocardial disease may be in inci
pient heart failure; if this is established
digitalis should be administered. Dis
ease present in systems other than the
cardiovascular system may jeopardize
the critical balance between oxygen
demand and supply.29 Therefore, the
possibility of pulmonary disease, ane
mia, polycythemia, diabetes, thyroid
conditions and infections should be in
vestigated. Renal disease should be ex
Table I Factors to Be Considered in Pre
operative Assessment of Patients with
Coronary A rtery Disease
Angina
Duration
Severity
History of myocardial infarction
Number of infarcts
Time since most recent infarction
History of heart failu re
Heart size
Electrocardiographic abnormalities
Coronary angiography
Site of disease
Distribution of disease
Extent of disease

eluded and electrolyte disorders, parti
cularly when potassium is involved,
must be corrected before surgery,
especially in patients receiving digital
is.30

Preoperative Preparation
The patient should be brought to
the operating room in optimal medical
condition as regards both his ischemic
heart disease and any other coexisting
diseases that may be present. Medica
tions that these patients may or should
be taking are listed in Table III. Digi
talis and diuretics are indicated in
patients who have incipient or overt
heart failure and special efforts must
be made to ensure that the patient’s
serum potassium value is within the
Table I I — Associated Diseases to Be Con
sidered in Preoperative Assessment of
Patients w ith Coronary A rtery Disease
Disease of the cardiovascular system
Systemic or pulmonary hypertensi ve vasculardisease
V alvular disease
Noncoronary myocardial disease
Diseases of systems other than cardiovascular system
and
Pulm onary
insufficiency— acute
chronic
Hematologic disorders— anemia, polycythemia
Diabetes
Renal disease
Electrolyte disorders
Thyroid disorders
Infection

Table I I I — Medications Indicated Preoperatively for Patients w ith Coronary A rtery
Disease
Digitalis
Diuretics
A ntiarrhythm ic drugs
Q uinidine
Procainamide
Lidocaine
Diphenylhydantoin
Propranolol
Disopyramide (Rythm odan)
Antihypertensive drugs
Clonidine (Catapres)
a-m ethyldopa (Aldom et)
Guanethidine
Ganglion-blocking agents
Reserpine
Propranolol
Nitroprusside
Hydralazine
Diazoxide
Antianginal drugs
Nitroglycerin
Isosorbide dinitrate
Propranolol
Anticoagulants
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normal range. Patients with systemic
hypertension should be appropriately
treated. Effective antiarrhythmic ther
apy should be initiated in patients when
indicated and the patient’s response to
vasodilators for the treatment of angina
assessed. In patients receiving coumadin
derivatives the medication should be
stopped and appropriate heparin ther
apy substituted.
It has been our experience that pa
tients receiving propranolol are hemodynamically more stable than patients
not taking the drug. We therefore
prefer that our patients receive pro
pranolol (20 to 40 mg qid) for at
least 3 days before surgery, the last
dose being given the night before the
operation. Patients should be sedated
while they are resting on the ward
awaiting surgery. Patients with severe
coronary artery disease who are ex
posed to emotionally stressful situa
tions often experience ventricular ar
rhythmias.31 The combination of pro
pranolol and sedation with diazepam
is effective in this situation. Finally,
5000 units of heparin should be given
subcutaneously 8 hours before surgery
to reduce thromboembolic phenomena.
Heparin is administered intra- and postoperatively as indicated, as will be
discussed later.
Premedication

The aim of premedication is to bring
the patient to the operating room free
of apprehension and without depres
sion of the respiratory or cardiovas
cular systems. To this end we admin
ister pentobarbital (100 mg orally) V /2
hours before operation and morphine
(10 to 15 mg intramuscularly) 1 hour
before. We do not give atropine with the
premedication as we do not wish to
initiate tachycardia which increases the
oxygen demands of the myocardium.
Anesthesia

The day before operation the surgeon
or anesthetist should explain in detail
to the patient the procedure that will
be carried out before he is anesthetized
and the events that normally occur in
the postoperative period. Providing
the patient with this information is as
valuable in allaying apprehension as
the preoperative sedation given. Every
effort should be made to have the pa
tient in a tranquil, quiet atmosphere.
The conduct of anesthesia is critical in
reducing morbidity and mortality since
an inappropriate anesthetic state will
unfavourably affect the critical balance
between myocardial oxygen supply and
demand. Regional anesthesia for peri
pheral surgery in the cooperative nonapprehensive patient is ideal because it
has little effect on the hemodynamic
state. Regional anesthesia is, however,

absolutely contraindicated in the appre
hensive patient because this state can
lead to severe systemic hypertension
and tachycardia.
General anesthesia should be under
taken carefully. The anesthetic tech
nique rather than the actual agents
used will determine the success or fail
ure of the operative procedure. The
aim of the general anesthesia is to
provide excellent operating conditions
while assuring protection of rnyocar
dial function. Important details di
rected towards this end have been the
subject of extensive reviews.3’20,32 Our
basic technique is a slow induction
with diazepam, an opiate and sodium
thiopental, topical anesthesia of the
airway and nitrous oxide-oxygen, halothane and a muscle relaxant. Halothane is very useful in patients with
coronary artery disease.33,34
The extent of monitoring that is re
quired (Table IV) will depend on the
severity of heart disease and the mag
nitude of the operation being under
taken. Optimal cardiac function is
probably being achieved when the
heart rate is in the range 60 to 80
beats/min, the patient’s systemic blood
pressure is within 15% of its resting
value and the continuously monitored
electrocardiogram (ECG) does not
show arrhythmias or evolving ischemia.
When there are signs of myocardial
dysfunction, monitoring should be in
tensive, and pharmacologic interven
tion may have to be aggressive to ef
fect a return to the proper balance
of myocardial oxygen supply and de
mand. When extensive monitoring is
necessary in the operating room it must
be continued in the recovery room.
Intraoperative Problems

Before we instituted a policy of
electively prescribing propranolol preoperatively and ensuring that the pa
tient was at an adequate depth of
anesthesia before intubation, we found
that hypertension and tachycardia were
not infrequent following intubation.
When tachycardia or hypertension, or
both, produce an undesirable RPP,
and in particular when the ECG shows
signs of myocardial ischemia, we ad

Table IV -M e a s u re m e n ts for M onitoring
Patients w ith Coronary Artery Disease
Blood pressure, blood gases and blood con
stituents by arte rial line
Central venous pressure
Wedge pressure (pulm onary artery ca th ete r)
Cardiac output
Electrocardiographic findings
U rine output
Serum electrolyte values
Tem perature
Clotting time

minister nitroglycerin intravenously.
The drug is not available for such use
commercially and we prepare a solu
tion by dissolving 42 0.6-mg tablets
in 50 mL saline and then injecting
this solution through a 0.22 -/j. filter
into 250 mL of 5% dextrose in water.
This solution contains 100 gg/m L. We
have found 50 to 100 /zg/min to be
the dose range required to abolish an
evolving ECG pattern of myocardial
ischemia. It will be necessary, of
course, to increase the depth of anes
thesia and should tachycardia be a
significant problem propranolol may
be given to slow the heart rate. Doses
of 0.25 mg are given until the heart
rate is slowed to the figure desired;
the amount seldom exceeds 2 mg.
Propranolol is contraindicated in pa
tients with asthma and heart failure so
that this drug can be employed intraoperatively only in the presence of ap
propriate monitoring to detect the ear
liest signs of bronchospasm or myo
cardial failure.
Hypotension of worrisome degree
will occasionally be encountered in pa
tients with known severe left ventri
cular dysfunction particularly if the pa
tient has been receiving vigorous diu
retic therapy. Such hypotension usually
responds to withdrawal of halothane
and an increase in the rate of crystal
loid infusion. When there is no im
mediate response to these maneuvers,
a mixture of norepinephrine and phentolamine, 10 mg of each drug in 500
mL of 5% dextrose in water, is slowly
infused through the central venous line
until the blood pressure has returned
to normal for that particular patient.
Argenta and associates35 have shown
that a satisfactory alternative to this
form of inotropism is dopamine in
fused at a rate not exceeding 10 ytxg/
kg each minute.
Hypotension accompanied by tachy
cardia and an elevated pulmonary ca
pillary wedge pressure or central
venous pressure, or both, is evidence
of myocardial failure. A patient in
whom these signs occur will probably
also have a decreasing Pao2 in spite of
an unchanged fractional intake of
oxygen (F i02). We recommend increas
ing the F 1O2 and appropriately ad
justing ventilation to guarantee a Pao2
of 100 mm Hg. Such a patient is also
likely to benefit from the administra
tion of digitalis. We give digoxin (0.5
mg intravenously) to the patient who
has not previously been taking digitalis
and has a normal serum potassium
value. This drug will begin to produce
beneficial effects in 15 minutes. When
a patient has been receiving digitalis
and there is evidence of further myo
cardial failure calcium chloride (0.5 to
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I g intravenously) should be given and given provided the serum potassium should from that point breathe an at
if the hemodynamics improve digoxin concentration is normal.
mosphere of enriched oxygen. When
(0.125 mg) is indicated. General
the patient is being ventilated in the
Accelerated
Activated
Clotting
Time
anesthetic agents are myocardial de
SICU,
certain conditions must be
pressants and should be discontinued
In patients with ischemic heart dis present before he can be weaned from
until myocardial function has im ease undergoing major surgery the ac the ventilator. Extubation is usually
proved. Appropriate intravenous fluid tivated clotting time will frequently safe
patient responds to com
therapy is, of course, essential in pre move from a preoperative range of mandswhenandthe the
blood-gas measure
venting hypotension due to depletion 120 to 130 seconds to below 80 sec ments are satisfactory
on spontaneous
of the normal intravascular volume.
onds. When this occurs, heparin (1000 ventilation. Such a patient will usually
units) is given intravenously and the be able to hold his head off the pillow
A rrhythmias
dose repeated if necessary to return the for 5 seconds, exert an inspiratory force
Sinus tachycardia is usually due to activated clotting time to the normal of 25 cm H20 and demonstrate a vital
light anesthesia and will respond if range.
capacity of 15 mL/kg. When there is
the depth of anesthesia is increased
difficulty
weaning a patient from in
Hypokalemia
by administering a greater concentra
termittent positive-pressure ventilation
tion of halothane or giving additional
Because we employ an aggressive as indicated by inadequate blood-gas
doses of an opiate intravenously. Pa approach to fluid therapy in the intra values,
we employ intermittent man
tients with ischemic heart disease are operative period to maintain an ade datory ventilation.39
parti
prone to arrhythmias due to electrical quate flow of urine, the serum potas cularly in the patientCommonly,
who
has
had
instability when the oxygen demands sium can decrease to undesirably low thoracotomy or upper abdominal opa
of the myocardium are not adequately concentrations.3 Every effort is made eration, part of the problem is due to
met.2' Premature ventricular contrac to maintain the serum potassium con
of the lower lobe of a lung.
tions that occur more often than 5/ centration between 4 and 5 mmol/L atelectasis
Vigorous
tracheal
through the
min or in salvos, are multifocal, or ex by giving 0.5 to 1 mmol/min through endotracheal tube toilet
and
physiotherapy
hibit an R on T phenomenon, are a central vein for 15 to 30 minutes are usually curative and these, in com
ominous and will usually respond to and repeating the injection as neces bination
with intermittent mandatory
the administration of lidocaine (50 to sary.
ventilation,
in the majority of in
100 mg intravenously). When ven
stances
will
allow the patient to be
Cardiogenic
Shock
tricular tachycardia or ventricular
extubated
within
24 hours. The policy
fibrillation occurs, immediate direct
Cardiogenic shock is due to severe should be to remove
the endotracheal
current (DC) cardioversion is indicated myocardial dysfunction and has a poor tube and allow the patient
to breathe
combined with the administration of prognosis.3' On the rare occasion when normally as early as possible
lidocaine. Malignant ventricular ar we encountered the situation we re ing operation since the presence follow
of the
rhythmias that do not respond to sorted to the infusion of norepine tube can make the patient anxious.
lidocaine administration can often be phrine and phentolamine as described
usually appears early in
abolished by giving propranolol intra and we have used it in association theTachycardia
postoperative
period and responds
venously in 0.25 mg doses to a maxi with intra-aortic balloon counterpul to the judicious intravenous
mum of 5 mg. Propranolol is contra sation.20'38 All anesthetic agents are, of small doses of an analgesicinjection
indicated in patients with a history of of course, discontinued and the pa Consideration should be given toagent.
asthma with heart failure, or severe tient is given 100% oxygen. If anal tinuing the propranolol therapy con
that
bradycardia or heart block.14 However, gesia is required, doses of morphine was initiated preoperatively. Propra
in the presence of heart failure and are administered intravenously.
nolol in 0.25-mg doses, to a total of 3
ventricular arrhythmias unresponsive to
to
4 mg, may be valuable in prevent
Postoperative
Problems
the administration of lidocaine, we
ing
postoperative tachycardia. The
have successfully managed the ar
We believe strongly that operative drug should be given intravenously,
rhythmias by the judicious use of pro morbidity and mortality in patients probably every 4 to 6 hours depending
pranolol. It must be emphasized that with ischemic heart disease who under
the patient’s heart rate and avoid
the majority of PVCs that are encount go general surgery can be greatly re on
ing
an amount that induces cardiac
ered are superimposed on a back duced if the detailed and aggressive failure,
problem we have not en
ground of bradycardia and that the approach to these patients just de countereda when
we have used propra
first intervention should be administra scribed is extended to the postopera nolol intravenously
as described. Oral
tion of atropine (0.5 mg intravenous tive period and maintained until their administration should
ly) to increase the rate of the sinus condition appears to be sufficiently as soon as possible. be substituted
node. When a heart rate of 50 beats/ stable to permit safe discharge to ward
Tachycardia may be accompanied by
min or slower is present the QRS com care. Patients who have had open- hypertension
for which we advocate
plex may be wide and the bradycardia heart surgery are, in most institutions, the use of nitroglycerin,
to 100
may not respond to the intravenous brought from the operating room to /xg/min to reduce the blood50 pressure,
administration of atropine.38 In this the surgical intensive care unit (SICU)
realizing that nitroglycerin main
situation cardiac pacing should be in still unconscious, intubated, ventilated while
ly
reduces
preload and that larger
stituted immediately. Atrial fibrilla on 100% oxygen and with their ECG doses are required
reduce afterload.
tion or flutter occurring during the and systemic blood pressure moni In some patients intowhom
has been
course of anesthesia usually indicates tored on an oscilloscope. In the SICU difficult to control systemicit hyperten
heart failure due to stretching of the monitoring is continued as it was in sion with nitroglycerin, a solution of
atrial wall, inducing a re-entrant the operating room. Patients with nitroprusside
yug/mL intravenous
mechanism. If the patient has not been severe ischemic heart disease who have ly), carefully (100
titrated,
has been effec
taking digitalis, DC countershock is had major general surgery should re tive. Nitroprusside toxicity40
not
indicated; in the patient who is al ceive the same treatment. When ex- been a problem but we have has
had
to
ready receiving digitalis a further dose tubation is deemed feasible and safe use the drug only in low concentra
of 0.125 mg intravenously should be in the operating room, the patient tions and for short periods. We believe
480
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that the combined use of a /^-blocking
agent and a vasodilator in the post
operative period, which will maintain
an RPP at an acceptable level for a
given patient as determined preoperatively, will significantly decrease mor
bidity and mortality of cardiac origin.
Nitroglycerin administered as a
paste may be an alternative method of
achieving effective blood concentra
tions of the drug for as long as 2 to
3 days in the postoperative period.
Fig. 7 depicts the operative and post
operative management on the princi
ples described of a patient with severe
coronary artery disease who urgently
required general surgery.
Case Report

A 54-year-old man was scheduled for
laparotomy, repair of a ventral hernia,
lysis of adhesions and relief of intermit
tent small-bowel obstruction. His abdo
minal problems were related to multiple
operations for a gunshot wound sustained
30 years before.
At the initial preoperative assessment it
was learned that the patient suffered
from angina and chronic obstructive pul
monary disease with a minimal rever
sible component on testing for pulmonary
function. He had smoked two packets of
cigarettes a day for 40 years. His angina
had been stable for 11 years and was of
low threshold (after walking 25 m). It
was also associated with his intermit
tent abdominal pain and was relieved by
sublingual nitroglycerin. Angiography 5
years before at another hospital had
shown complete obstruction of the left
anterior descending coronary artery with
retrograde filling from the posterior de
scending and normal right coronary and
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circumflex arteries. The patient had re
fused cardiac operation at that time.
The patient was given isosorbide dini
trate, nitroglycerin ointment and pro
pranolol up to 40 mg q6li for 2 weeks
preoperatively with no measurable deteri
oration in lung function. He was main
tained on oxtriphylline (Choledyl, Warner/Chilcott) and salbutamol (Ventolin,
Allen & Hanburys), prn. No abnormal
findings were audible on auscultation of
the chest and the heart sounds and elec
trocardiogram were normal.
Regional anesthesia was declined be
cause the patient had had an unpleasant
experience with this method previously.
General anesthesia with thiopental, pan
curonium bromide, fentanyl citrate, diaze
pam, nitrous oxide-oxygen and halothane
was uneventful. Cardiovascular stability
was maintained during intubation with a
combination of topical anesthesia and a
nitroglycerin drip (50 ag/mL). Monitor
ing was by central venous pressure from
an internal jugular vein and by an arterial
line. Blood loss was less than 500 mL. The
anesthesia was reversed and the patient
extubated at the end of the operation.
His RPP as a measure of myocardial
oxygen consumption peaked at 12 000,
the critical value for this patient, 1 hour
after operation and was associated with
pain; it was controlled by nitroglycerin
given intravenously and analgesia. Three
further peaks developed in the RPP. The
second was in the early evening and was
treated vigorously with propranolol to
reduce the heart rate and nitroglycerin,
both given intravenously. This second
peak in the RPP was associated with
transient ST-segment changes. The third
peak, during the night, was a marked
rise to 17 000 and was also associated
with abdominal pain and distension. It
produced ST-segment changes that did
not revert to normal with reduction of
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FIG. 7— Relation of RPP to ST depression and drug therapy during operative and
postoperative course of 54-year-old man with ischemic heart disease who underwent
general surgery. GA = general anesthesia, PAR = postanesthesia room.

the RPP below 12 000. Digoxin had been
given intravenously prior to this peak
to treat incipient left ventricular failure,
which was indicated on the basis of the
chest roentgenogram and a falling Pao2
in the face of an unchanged F,o2- The
fourth peak, similar to the third, occur
red the following day.
Subsequently the patient did well. The
ST segments became isoelectric and meas
urement of the MB isoenzyme of serum
creatine phosphokinase, which is specific
for myocardial damage, did not support
a diagnosis of infarction. He was dis
charged to the ward and nitroglycerin
paste and oral doses of propranolol were
prescribed. At no time postoperatively
did he have angina. Two weeks later he
underwent an aortocoronary bypass oper
ation attended by no untoward events.
Summ ary

Patients with severe coronary ar
tery disease who undergo general
surgery are at great risk when the oxy
gen demands of the myocardium are
greater than the supply. Every effort
must be made to assess the severity of
the disease in these patients and the
conditions that may reliably predict
that this critical balance is in jeopardy.
The rate pressure product (product
of systolic blood pressure and heart
rate) is a reliable predictor of myo
cardial ischemia because in patients
with angina or electrocardiographic
signs of myocardial ischemia these
signs will develop consistently at a
given RPP. Therefore this measure
ment should be determined in highrisk patients during an anginal attack.
The product should not be exceeded in
the operative and postoperative pe
riods. This implies that there must be
aggressive pharmacologic intervention
in some patients to maintain a heart
rate and blood pressure known to be
safe.
Patients with ischemic heart disease
do well when their heart rate is main
tained between 60 and 70 beats/min
and their blood pressure within 15%
of the normal resting value. Propra
nolol has been used effectively to treat
angina and there is now good evidence
that it should be given to patients with
coronary artery disease who are to
undergo surgery. This agent is effec
tive in maintaining the desired heart
rate, protects against ventricular ar
rhythmias and reduces myocardial
contractility. In our experience, it has
considerably reduced morbidity in
these patients.
Many patients with ischemic heart
disease have labile hypertension and
may exhibit great swings in blood pres
sure during surgery and in the post
operative period. As hypertension
measures the RPP, the blood pressure
should be maintained at what is con-
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sidered to be the normal resting value
for that particular patient. When hy
pertension occurs that is worrisome it
can be treated effectively with intra
venously
administered vasodilators.
The two drugs commonly used are
nitroglycerin and nitroprusside. Nitro
glycerin for intravenous use is not
available commercially but can be
easily prepared. Nitroglycerin is pre
ferred to nitroprusside because it
probably redistributes coronary blood
flow to the myocardium in a favour
able manner as evidenced by an im
provement in the endocardial/epicardial ratio. However, there are persons
whose hypertension does not respond
to nitroglycerin and who can be treated
effectively with nitroprusside. It is
possible to reduce significantly the
oxygen requirements of the heart by
using propranolol to control heart rate
and reduce myocardial contractility
and nitroglycerin or nitroprusside to
lower afterload (blood pressure) and
preload.
It has long been established that
patients with ischemic disease of the
heart are susceptible to hypoxemia
and hypotension. To avoid a decline
in blood pressure of more than 15%
of the normal resting value, dopamine
in doses not exceeding 10 /xg/kg each
minute or a mixture of norepinephrine
and phentolamine is effective in tem
porarily treating worrisome hypoten
sion while causative factors are sought
and corrected.
There is still controversy as to
whether patients with ischemic heart
disease should be given digitalis be
fore surgery. The cardiac perform
ance of patients with heart failure may
be greatly improved by this drug,
which reduces the end-diastolic volume
of the heart thereby decreasing myo
cardial oxygen requirements. Patients
who are not in failure will have the
oxygen requirements of the myocar
dium increased because digitalis in
creases myocardial contractility and
peripheral vascular resistance. Digit
alis should therefore be reserved for
patients with heart failure.
I thank Dr. David Cannell of the de
partm ent of anesthesia, Royal Columbian
Hospital, New Westminster, BC, for his
assistance in preparing the case report
and Fig. 7.
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CAGS PAPERS

Symposium on Nutritional Requirements
of the Surgical Patient
1. Nutrition and Body Composition
H a rry M . S h iz g a l ,

Body composition measurements were
determined by a multiple isotope
dilution technique to assess nutritional
status of patients and to determine
the efficacy of nutritional support. The
body composition of 75 patients with
severe malnutrition was characterized
by a contracted body cell mass with a
relatively expanded extracellular mass.
An elective operation of moderate
severity resulted in a 14% decrease
in the body cell mass while the extra
cellular mass increased by 10%. The
4% postoperative decrease in body
weight did not accurately reflect the
change in the body cell mass. The
efficacy of total parenteral nutrition (TPN)
with lipid as the major caloric source
was compared with TPN with hypertonic
dextrose. With lipid a daily infusion of
44.2 Cal/kg (185 k j/k g ) was required
to maintain the body cell mass while
with the solution containing hypertonic
dextrose 34.7 Cal/kg (155 kJ/kg)
was required — a 27% difference. Total
parenteral nutrition with hypertonic
dextrose is therefore more efficacious
than TPN with lipid as the major
caloric source.
Des mesures de la composition corporelle ont ete determinees par une
technique de dilution de plusieurs
isotopes afin d'evaluer I’etat nutritionnel des patients et de determiner
I'efficacite d'un apport nutritif. La
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composition corporelle de 75 patients
souffrant de malnutrition severe a ete
caracterisee par une masse cellulaire
corporelle contractee avec une expan
sion relative de la masse extracellulaire. Une operation elective de
gravite moyenne a resulte en une
diminution de 14% de la masse cellulaire
corporelle, pendant que la masse
extracellulaire augmentait de 10%. La
diminution postoperatoire de 4% du
poids n’a pas reflete exactement le
changement de la masse cellulaire
corporelle. L’efficacite de I’alimentation
parenterale complete (APC) en utilisant
les lipides comme principale source
calorique a ete comparee a I’APC avec
le dextrose hypertonique. Avec les
lipides, une perfusion quotidienne de
44.2 C al/kg (185 k j/k g ) a ete necessaire pour maintenir la masse cellulaire
corporelle, alors que 34.7 C a l/k g (155
kJ/kg) a ete necessaire avec la solution
de dextrose hypertonique — une diffe
rence de 27%. L'alimentation parenterale
complete avec du dextrose hyperto
nique est done plus efficace que
I'APC avec les lipides comme principale
source calorique.

Total parenteral nutrition (TPN) was
introduced in 1939 by Elman and
Weiner1 when they reported the first
successful infusion of amino acids in
man. The material (Amigen, Mead
Johnson) was produced by the acid hy
drolysis of casein to which were added
2% tryptophane and cysteine. Carbo
hydrate was added because of its ca
loric value and to enhance the utiliza
tion of the infused amino acids. The
work of Elman and Weiner led to the
widespread availability of a variety of
intravenous solutions of hydrolyzed
protein. Also, solutions of hypertonic
dextrose became available to serve as
a concentrated source of energy. The

efficacy of parenteral nutrition was
not, however, convincingly demon
strated. As a result its importance was
not generally accepted until Dudrick,
Wilmore and Vars2 demonstrated nor
mal growth and development in a
group of Beagle puppies who received
all of their nutrition by the parenteral
route. Since then numerous published
reports have testified to the impor
tance of TPN in a variety of clinical
situations. Nutritional support is now
generally considered to be an important
component of therapy for the patient
who is subjected to a catabolic stress
of more than several days’ duration.
The improvement of nutritional
therapy is dependent on the ability to
measure precisely its efficacy. The de
termination of morbidity and mor
tality is inadequate because the vari
ance associated with their measure
ment is large (i.e., the measurements
are imprecise). Consequently, the nitro
gen balance is widely employed to
assess the value of nutritional therapy.
Under steady state conditions nitrogen
balance is the measure of the net effect
of protein anabolism and catabolism.
A steady state is often difficult to
achieve. In addition, the experimental
error of nitrogen balance ’measure
ments is substantial. Nitrogen balance
is usually a small difference between
a large nitrogen intake, which is usually
overestimated, and a large output,
which tends to be underestimated. The
experimental error is therefore cumu
lative. To avoid the numerous prob
lems associated with the measurement
of nitrogen balance the various com
ponents of body composition have been
measured in our laboratory to assess
the efficacy of nutritional therapy.
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Body Composition Measurements

A multiple isotope dilution technique
483

is used.3,4 The lean body mass is
estimated by assuming that the total
body water (TBW) constitutes 73%
of the lean body mass. Body fat is the
difference between body weight and
lean body mass. The lean body mass in
turn is composed of two parts, the body
cell mass and the extracellular mass
(Fig. 1). The body cell mass is the
total mass of cells in the body that are
living, functioning, oxygen-consuming
and work-performing; it is estimated
by measuring total exchangeable potas
sium (Ke), the principal intracellular
cation, or the volume of intracellular
water (ICW), or both. The extracel
lular supporting component of body
composition is estimated by measuring
total exchangeable sodium (Nae) or the
volume of extracellular water (ECW),
or both.

Malnutrition
The effect of severe malnutrition on
body composition was determined in
a group of 75 patients. The diagnosis
of malnutrition was made clinically on
the basis of history and physical ex
amination. The majority of these pa
tients were candidates for TPN be
cause they had experienced a period
of catabolic stress and had suffered
from malnutrition for a prolonged pe
riod. The data obtained were compared
with similar measurements performed
in a group of 25 healthy volunteers
(Table I).
As expected, malnutrition resulted in
a decrease in the body cell mass. This
is demonstrated by a significant reduc
tion in the Ke/TBW and the ICW /
TBW values, both of which are a meas
ure of the body cell mass. Both Ke
and ICW are expressed as a function
of TBW to correct the data for body
size. In healthy people Ke and ICW
vary with body size. Total body water
is one of the best independent means
of measuring body size and is em
ployed to normalize the data. Body
weight is not an ideal independent
(Kg)
f yj

Fat 50-

25-

Lean Body
Mass -

Extracellular
Mass

Body Cell Mass

FIG. 1— Mean ± standard error of
components of body composition in 25
healthy volunteers. Lean body mass =
total body water -F 0.73. Body cell mass
is proportional to intracellular water vol
ume or total exchangeable potassium. Ex
tracellular mass is related to extracellular
water volume or total exchangeable
sodium.
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measurement of body size since body
fat constitutes a variable fraction of
body weight. The decrease in the body
cell mass with malnutrition is accom
panied by a relative expansion of the
extracellular mass, consequently the
mean Nae/K e ratio is also elevated. The
retention of water and sodium result
ing in this increased extracellular mass
is not the result of hypovolemia, since
the blood volume of the malnourished
group was similar to that of the healthy
group. Because of this increase in the
extracellular supporting component of
body composition, body weight does
not accurately reflect the severity of
malnutrition. The body cell mass was
40% smaller in the patients with mal
nutrition. However, the extracellular
mass was 24% greater. Thus, lean body
mass was almost the same in the two
groups of patients. The difference in
body weight was therefore only 14%.
These data indicate that severe malnu
trition is accompanied by a loss of body
cell mass, together with an expansion of
the extracellular supporting component
of body composition and an elevation
of the Nac/K e ratio.

of the patients was normal (Table II).
Postoperatively there was a significant
decrease (P < 0.001) in the body cell
mass accompanied by an expansion of
the extracellular mass. Consequently
the Na,./K„ ratio increased significantly
(P < 0.01). The body weight did not ac
curately reflect these changes. During
the initial 5 postoperative days the
mean body weight decreased by 4%
while the mean body cell mass de
creased by 14%. However, the extra
cellular mass had increased by 10%.
Thus the lean body mass remained un
changed. The 4% decrease in the body
weight resulted principally from the
postoperative decrease in the body fat.
The data indicate that acute uncompli
cated surgical trauma of moderate se
verity results in a reduction in the body
cell mass, accompanied by an increase
of the extracellular mass and a mode
rate increase of the Nae/K e ratio. The
postoperative change in body weight
does not accurately reflect the deple
tion in the body cell mass.

The Na„/K,. Ratio
When there was severe malnutrition
or acute surgical injury of moderate
severity the body cell mass decreased.
In both situations the decrease was
accompanied by an increase of the
extracellular mass. Similar data have
been reported by Moore and col
leagues.5 In both instances the Nae/K„
ratio increased, as it is a measure of
the extracellular mass expressed as a
function of the body cell mass. In the
normal healthy person this ratio is
close to unity with a small variance
(Table II). Because changes in the
body cell mass and the extracellular
mass are generally in opposite direc-

Major Injury
The effect of major injury on body
composition was determined in 19 pa
tients who had undergone a major
surgical procedure, in most cases either
a gastrectomy or colonic resection.
Body composition measurements were
performed preoperatively and on the
fifth postoperative day. During this
period the patients were given nothing
by mouth and received only the usual
5% glucose solutions with added elec
trolytes intravenously.
Preoperatively the body composition

T a b le 1— B o d y C o m p o s itio n o f 75 P a t i e n t s w i t h S e v e r e M a l n u t r i t i o n C o m p a r e d w it h t h a t o f 25
H e a lt h y V o l u n t e e r s

M e a s u re m e n t
B o d y w e ig h t , k g
B o d y f a t , kg
L e a n body m ass , kg
B o d y c e ll m a s s , k g
E x t r a c e l lu la r m a s s , k g
T o t a l e x c h a n g e a b le p o t a s s iu m / t o t a l b o d y
w a t e r ( K e / T B W ) , m m o l/L
T o t a l e x c h a n g e a b le s o d iu m / t o t a l b o d y
w a t e r ( N a e / T B W ) , m m o l/L
In tr a c e llu la r w a t e r /t o ta l body w a te r
(IC W /T B W ), %
E x t r a c e l lu la r w a t e r / t o t a l b o d y w a t e r
(E C W /T B W ), %
T o t a l e x c h a n g e a b le s o d iu m / t o t a l
e x c h a n g e a b le p o t a s s iu m ( N a e / K e )
P la s m a v o l u m e / t o t a l b o d y w a t e r
(P V /T B W ), %
R e d c e ll m a s s /t o t a l b o d y w a t e r
(R C M /T B W ), %
B lo o d v o l u m e / t o t a l b o d y w a t e r
(B V /T B W ), %

H e a lt h y
v o lu n te e r s
7 0 .4
2 0 .2
5 0 .3
2 4 .7
2 5 .6

±
±
±
±
±

2 .5
1 .4
1 .9
1 .1
0 .9

M a ln o u r is h e d
p a t ie n t s

P v a lu e , < *

5 8 .9
1 2 .7
4 6 .5
1 4 .7
3 1 .9

± 1 .8
± 1 .2
± 1 .3
± 0 .6
± 0 .9

0 .0 0 1
0 .0 0 1

±

1 .2

0 .0 0 1

0 .0 0 1
0 .0 1

8 0 .0

±

1 .0

5 1 .8

7 7 .4

±

0 .9

9 4 .7

±

0 .9

0 .0 0 1

5 7 .5

±

1 .1

4 9 .1

±

0 .9

0 .0 0 1

4 2 .5

±

1 .1

5 0 .9

±

0 .9

0 .0 0 1

0 .9 8

±

0 .0 2

1 .9 5 ± 0 .0 8

0 .0 0 1

7 .4

±

0 .2

8 .4

±

0 .2

0 .0 1

5 .0

±

0 .1

3 .8

±

0 .1

0 .0 0 1

1 2 .4

±

0 .2

1 2 .3

±

0 .3

-

‘ S ig n if ic a n c e o f d i f f e r e n c e e s t im a t e d b y a n u n p a ir e d S t u d e n t ’ s f - t e s t .
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tions, the Nae/K e ratio is a sensitive
index of nutritional status. This has
been supported by data collected in a
variety of clinical situations.4,6’7 In 25
healthy volunteers the mean ratio was
0.98 with an upper 95% confidence
limit of 1.22. Hence a ratio in excess
of 1.22 is probably indicative of malnu
trition. Furthermore, the magnitude of
the increase in this ratio above the
normal range is a measure of the seve
rity of the malnutrition.
Total Parenteral Nutrition with
Hypertonic Dextrose

The energy requirements of patients
receiving TPN with hypertonic dex
trose as the major energy source were
determined in 73 patients.8 The ma
jority of these patients were in a
chronic catabolic state and starving
as a result of various postoperative
complications. All received a solution
containing 25% dextrose and 2.5%
crystalline L-amino acids (Travasol,
Baxter Laboratories of Canada Ltd.).
Body composition measurements were
performed at the onset, at 2-week in
tervals during, and at the conclusion
of TPN; 179 studies of body compo
sition were performed to evaluate 105
periods of TPN of 14.6 ± 0.4 days'
duration.
The efficacy of this solution was
determined by plotting the mean daily
change in Ke, a measure of the mean
daily change in the body cell mass,
against the mean caloric value of the
solution infused each day (Fig. 2). Pa
tients not suffering from malnutrition
at the onset of TPN were excluded
since the body cell mass of a healthy
person will not increase regardless of
the number of calories or the amount
of protein, or both, that the person
receives. The administration of an ex
cess of calories and protein in a person
with a normal body cell mass (i.e., in

the absence of malnutrition), results
simply in an increase in body fat with
out any change in the body cell mass.
Malnutrition, defined by a Nae/K e
ratio exceeding 1.22, was present in
51 of the 105 periods of TPN evalu
ated (Fig. 2). A statistically significant
(P < 0 .05) correlation existed between
the caloric value of the daily infusion
and the mean daily change in Kc. The
resultant regression line intersects the
abscissa at 34.7 Cal/kg daily (145 k l/
kg daily). The data therefore indicate
that with this particular TPN solution
the body cell mass was maintained when
the caloric value of the daily infusion
was 34.7 Cal/kg. Moreover, one may
conclude that in the depleted mal
nourished patient the daily infusion
of a solution with a caloric value of
more than 34.7 Cal/kg will result in
rebuilding of the body cell mass. The
rate of repletion will in part depend on
the caloric value of the infusion.
Total Parenteral Nutrition
with Lipid

There are several potentially im
portant advantages associated with
the use of lipid as the major source
of energy in TPN. Lipid has a high
caloric density of 9 Cal/g (37.7 kJ/g)
and is available as an isotonic solution.
The solution can be administered
simultaneously with an amino acid
solution by way of a Y-connector, thus
avoiding the necessity of mixing solu
tions prior to administration and the
use of a central venous catheter.
The efficacy of TPN with lipid as
the major source of energy was tested
in a group of 47 patients.6 The indica
tions for TPN in this group were sim
ilar to those in the patients who re
ceived hypertonic dextrose. All pa
tients received equal volumes of a 10%
soybean oil emulsion (Intralipid, Phar
macia [Canada] Ltd.) and a solution

Table II— Body Composition of 19 Patients before and after Major Elective Surgery Compared with
That of 25 Healthy Volunteers Not Operated On

containing 10% fructose and 7% crys
talline L -a m in o acids (Vamin, Pharm a
cia [Canada] Ltd.).
In these patients 108 body composi
tion studies were performed to evaluate
61 periods of TPN of 15 ± 0.4 days’
duration. In 35 of these malnutrition
was initially present as defined by an
Nae/K„ ratio greater than 1.22. The
mean daily change in Kc during these
35 periods of TPN was plotted against
the mean caloric value of solution in
fused daily (Fig. 3). The resultant re
gression line indicated that with the
Vamin and Intralipid 10% combination
body cell mass was maintained by the
infusion of a solution providing 44.2
Cal/kg daily (185 kJ/kg daily), which
is 27% greater than the amount re
quired when using TPN solutions con
taining hypertonic dextrose.
Further analysis of the data8 indi
cated that the Vamin and Intralipid
10% combination successfully main
tained the body cell mass of the pa
tients in whom it was normal at the
onset of the 2-week study period.
Similar results were obtained in such
patients with the TPN solution con6 0 -r

-40 - -

-6 0 - ■

FIG. 2— In 51 patients with pre-exist
ing malnutrition who received total paren
teral nutrition solution containing 25%
dextrose and 2.5% L-amino acids, mean
daily change in exchangeable potassium
(AKe/d), a measure of mean daily
change in body cell mass, correlated sig
nificantly (P < 0.005) with caloric value
of solution infused daily. Regression line
intersects abscissa at 34.7 C al/kg (145
kJ/kg).
60-r

Patients submitted
to surgery
Measurement
Body weight, kg
Body fat, kg
Lean body mass, kg
Body cell mass, kg
Extracellular mass, kg
Ke/TBW, mmol/L
Nae/TBW, mmol/L
ICW/TBW, %
ECW/TBW, %

Nae/Ke
PV/TBW, %
RCM/TBW, %
BV/TBW, %

Healthy
volunteers
70.4 d r 2.5
20.2 d r 1.4
50.3 d r 1.9
24.7 d r 1.1
25.6 d r 0.9
80.0 d r 1.0
77.4 d r 0.9
57.5 d r 1.1
42.5 d r 1.1
0.98 db 0.02
7.4 d r 0.2
5.0 d r 0.1
12.4 d r 0.2

Postop

Preop
66.2
18.2
48.0
23.1
24.9
78.2
77.3
55.7
44.3
1.04
8.0
4.4
12.3

±
±
±
±
±
±
±
±
±
±
±
±
±

40-

1.9
1.6
1.8
1.5
0.9
2.8
2.1
1.9
1.9
0.08
0.6
0.2
0.5

63.5
16.4
47.2
19.9
27.3
68.3
82.5
53.5
46.5
1.29
8.1
4.4
12.7

dr 1.8
db 1.5
dr

1.6

dr 1.4
dr

0.9

rfc 3.1
dr
dr
dr
dr
dr
dr
dr

2.2
1.6
1.6
0.11
0.5
0.5
0.7

P value, <
0.001
0.05
—
0.001
0.001
0.05
0.01
—
—
0.01
—
—
—

‘Significance of difference between the pre- and postoperative means estimated by paired
Student’s /-test.

-4 0 -

- 6 0 —*-

FIG. 3—In 35 patients who received
equal volumes of soybean oil emulsion
(Intralipid 10%) and solution containing
10% fructose and 7% crystalline L-amino
acids (Vamin), AK»/d correlated sig
nificantly (P < 0.05) with caloric value of
solution infused daily. Regression line
intersects abscissa at 44.2 Cal/kg (185
kJ/kg).
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To control upper
gastrointestinal bleeding
due to stress ulcer,
hemorrhagic gastritis, stress
gastritis, bleeding gastric
erosions, duodenal and
gastric ulcers...

(cimetidine) injection

The 'Tagamet'effect
The precise mechanism by which 'Tagamet' controls upper g.i. bleeding is not
understood, although several theories exist, of which these seem the most likely.

Significantly Inhibits Gastric Acid Secretion,
raising the pH of the stomach to inactivate pepsinogen (thereby decreasing pepsin which is
known to digest protein in an acidic environment) and possibly promoting clot formation.

■ May Decrease Gastric Mucosal Blood Flow
due to inhibition of acid secretion, allowing the body's hemostatic mechanism
to control bleeding.

May Prevent Further Damage to the Mucosa
by acid through blockade of histamine H2receptors, thereby encouraging
healing of the mucosal injury.

65 patients in whom other nonsurgical measures had failed, or
for whom surgical intervention
was considered impossible or
unduly hazardous, were
evaluated; the results are
reported in the adjacent table.1

Heavy
Moderate
Subacute/recurrent

C o m p le te
Su ccess

P a r tia l
Su ccess

65%
52%
45%

15%
22%
25%

C o m p le te
& P a rtia l

F a ilu r e

80%
74%
70%

20%
26%
3 0%

1. Data on file, SK&F Medical Department

The H Receptor Antagonist-A major clinical
advance for uncontrolled g.i. bleeding
SMITH KLINE SfRENCH CANADA LTD.
Montreal, Quebec H4M 2L6

Tagamet®

DUODENAL ULCER. NON-MALIGNANT
GASTRIC ULCER. AND G A STRO 
ESOPHAGEAL REFLUX DISEASE

(cimetidine SK&F)

Tablets
Injection
Prescribing Inform ation
(Product Monograph available to practitioners on request)

ACTION
Cimetidine competitively inhibits the action of histamine
at the histamine H2 receptor, and thus represents a new
class of pharmacological agents, the histamine
H2 -receptor antagonists.
Cim etidine is not an anticholinergic agent. Studies have
shown that cimetidine inhibits both daytime and nocturnal
basal gastric a cid secretion. Cimetidine also inhibits
gastric acid secretion stimulated by food, histamine,
pentagastrin, caffeine and insulin. Its ability to inhibit
gastric acid secretion via this unique mechanism of action
permits a new approach to the treatment of acid-related
gastrointestinal disorders.
Cimetidine is absorbed rapidly after oral administration.
The plasma half-life is approximately two hours. The
principal route of excretion is the urine.
The degree and duration of inhibition of basal and
stimulated gastric acid secretion are dose-related; the
d ata suggest that 8 0 % or higher inhibition throughout a
2 4 hour period can be achieved by a dosage regimen of
3 0 0 mg four times daily given with meals and at bedtime.
Cim etidine 3 0 0 mg reduced total pepsin output as a result
of the d ecrease in volume of gastric juice. The drug had no
effect on the rate of gastric emptying or lower esophageal
sphincter (LES) pressure.

INDICATIONS AND CLINICAL USE
Tagamet® (cimetidine) is primary therapy for conditions
where the inhibition of gastric acid secretion is likely to be
beneficial, such as:
□
□
□
□
□

Duodenal ulcer
Non-malignant gastric ulcer
G astroesophageal reflux disease
Management of upper gastrointestinal hemorrhage
Pathological hypersecretion associated with Zollinger Ellison Syndrome, systemic mastocytosis and multiple
endocrine adenomas.

CONTRAINDICATIONS
There a re no known contraindications to the use of
'Tagam et' (cimetidine).

PRECAUTIONS
Use in P regn an cy : Nursing Mothers:
There has been no experience, to date, with use of
'Tagam et' (cimetidine) in pregnant patients. Reproduction
studies performed in rats, mice and rabbits have revealed
no evidence of impaired fertility or harm to the fetus due to
'Tagam et'. Studies have demonstrated that 'Tagamet'
crosses the placental barrier. It is also secreted in the milk
of animals. 'Tagam et' should be used in pregnant or
lactating patients or women of child-bearing potential only
when, in the judgement of the physician, the anticipated
benefits outweigh the potential risks.
Use in Children
Clinical experience in children is limited. Therefore,
'Tagam et' (cimetidine) therapy cannot be recommended
for children unless, in the judgement of the physician,
anticipated benefits outweigh the potential risks. In very
limited experience, 20-40 mg kg per day has been
administered in divided doses by mouth or intravenously.
Use in Im paired Renal Function
Because 'Tagam et' (cimetidine) is excreted by the kidney,
a reduced dosage should normally be administered to
patients with impaired renal function. (See DOSAGE AND
ADMINISTRATION)
Drug Interactions
Studies in animals revealed no pharmacological inter
action between 'Tagamet' and commonly used drugs. No
significant interactions have been observed in man.

ADVERSE REACTIONS
Mild and transient diarrhea, muscular pain, dizziness and
rash have been reported in a small number of patients
during treatment with 'Tagamet' (cimetidine). There have
been reports that a few patients have developed mild
nonprogressive gynecomastia during prolonged treatment.
No evidence of induced endocrine dysfunction was found,
and the condition remained unchanged with continuing
'Tagam et' treatment. Some increases in plasma creatinine
and serum transaminase have been reported.

OVERDOSAGE
In cases reported to date, involving oral ingestion of up to
10 grams of 'Tagam et' (cimetidine), no untoward effects
have been noted, and recovery has been uneventful.
Treatm ent
The usual measures to remove unabsorbed material from
the gastrointestinal tract, clinical monitoring and
supportive therapy should be employed. Studies in animals
indicate that assisted respiration may be of value and that
any tachycardia may be controlled by administration of a
fl-blocker.

D O SA G E AND ADMINISTRATION
ADULTS:
(Experience with 'Tagamet' in children is limited and it has
not been evaluated in clinical studies—see PRECAUTIONS)
In clin ical studies ’Tagamet' (cimetidine) has been used in
divided doses of up to 2 4 0 0 mg/day.
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The recommended adult oral dosage for duodenal ulcer,
non malignant gastric ulcer and gastroesophageal reflux
disease is 300 mg four times a d a y . with m eals and at
bedtime.
While healing with 'Tagamet' often occurs during the first
week or two, treatm ent should be continued for at least
four weeks unless healing has been demonstrated by
endoscopic examination.
Some patients may require concomitant antacids until
symptoms disappear.

MANAGEMENT O F UPPER
GASTROINTESTINAL HEMORRHAGE
In patients with upper gastrointestinal bleeding of
sufficient magnitude as to require blood transfusions,
'Tagam et' should be adm inistered parenterally,
preferably by intravenous injection or intermittent
infusion or, if necessary, by constant intravenous infusion
until 4 8 hours after active bleeding has stopped. At this
time an oral dosage regimen may be instituted and should
be continued for at least 7 -1 0 days.
Recommended d osage for oral adm inistration:
3 0 0 mg every 6 hours.
Recommended d osage for intram uscular injection
administration:
3 0 0 mg every 6 hours. Inject the entire contents of a 2 ml
ampul.
Recommended d osage for intravenous injection
administration:
3 0 0 mg every 6 hours. Dilute 'Tagam et' in Sodium
Chloride Injection (0.9% ) (or other compatible i.v.
solution) to a total volume of 2 0 ml and inject over 1-2
minutes.
Recommended d osage for interm ittent intravenous
infusion administration:
3 0 0 mg every 6 hours. Dilute 'Tagam et' 3 0 0 mg in 1 0 0 ml
of Dextrose Injection (5% ) (or other compatible i.v.
solution) and infuse over 15-20 minutes.
In some patients it may be necessary to increase dosage.
When this is necessary, the increases should be made by
more frequent administration of a 3 0 0 mg dose, but total
daily dosage should not exceed 2 4 0 0 mg.
Recommended dosage for constant intravenous
infusion administration:
2 mg/kg hour. Dilute 'Tagamet' for injection in a
compatible i.v. solution, such as Sodium Chloride Injection
(0.9% ) or Dextrose Injection (5% or 10%). In some patients
it may be necessary to increase dosage. Dosage should
usually not exceed 4 mg kg hour.

DOSAGE ADJUSTMENT FO R PATIENTS WITH
IMPAIRED RENAL FUNCTION
Patients with severely impaired renal function have been
treated with ’Tagamet'. However, such usage has been
very limited. On the basis of this experience the
recommended dosage is 3 0 0 mg every 12 hours orally or
by intravenous or intramuscular injection. Should the
patient's condition require, the frequency of dosing may be
increased to every 8 hours or even further with caution. In
severe renal failure accumulation may occur and the
lowest frequency of dosing com patible with an adequate
patient response should be used. Hemodialysis removes
circulating cimetidine, therefore, the timing of dosage
should be adjusted to the dialysis schedule.

PATHOLOGICAL HYPERSECRETORY
CONDITIONS
(e.g., Zollinger-Ellison Syndrome)
Recommended adult oral d osage:
3 0 0 mg four times a day with m eals and at bedtime. In
some patients it may be necessary to administer 3 0 0 mg
doses more frequently to control symptoms. Dosage should
be adjusted to individual patient needs, but usually should
not exceed 2 4 0 0 mg per day. If intravenous administration
is required, the dosage schedule should be the same as
that recommended for control of upper gastrointestinal
bleeding.

taining hypertonic dextrose. However,
the patients with malnutrition, who
received TPN solution in excess of the
amount required to maintain the body
cell mass, experienced a small but
statistically insignificant increase of
0 . 6 . kg in the body cell mass when
they received the Vamin and Intralipid
10% combination. In contrast, the
patients who received T P N with hyper
tonic dextrose experienced a statis
tically significant (P < 0.0 5 ) increase
in the body cell mass of 1.4 kg. Hence,
in the patients with a normal body
cell mass there was no difference in
the effect o f the two solutions. How
ever, in the patients with malnutrition
(i.e., with a depleted body cell mass),
TPN with hypertonic dextrose was su
perior to T P N with lipid.
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SPECIAL CASES
In patients in whom control of gastric acid secretion is
desirable, the recommended oral dosage of 'Tagamet' is
3 0 0 mg four times a day, with meals and at bedtime. If
intravenous administration is required, the dosage
schedule should be the same as that recommended for
control of upper gastrointestinal bleeding.

STABILITY O F INJECTABLE FORM
’Tagamet' injection, when added to or diluted with most
intravenous solutions, such as Sodium Chloride injection
(0.9% ) or Dextrose injection (5% or 10% ), is stable for 4 8
hours at normal room temperature 'Tagamet' Injection
should not be refrigerated.

AVAILABILITY
Tablets:
Pale green circular biconvex film coated tablets, each
containing cimetidine 3 0 0 mg (monogrammed SKF T13).
Bottles of 100 tablets.
Injection:
Each 2 ml dose contains cimetidine HC1 equivalent to 3 0 0
mg of cimetidine, in Sterile Water for Injection. Preserved
with phenol, 0 .5 % . Ampuls of 2 ml, packaged in 10's.
C I / C X : SMITH KLINE & FRENCH CANADA LTD

OllCfF MONTREAL, QUEBEC H4M 2L6
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2. Peripheral Parenteral Nutrition
Joel B. F reeman,

During total parenteral nutrition hyper
tonic (25% ) dextrose combined with
5% amino acid solutions must be
used to achieve the necessary non
protein calorie/nitrogen ratio of 150:1.
The resultant hyperosmolarity prohibits
utilization of peripheral veins and
makes cannulation of the subclavian
vein mandatory. This exposes the patient
to the risks of infection and technical
complications, but these are uncommon
and less important than the deleterious
effects of chronic starvation. However,
under certain clinical conditions it
is possible to supply partial parenteral
nutrition through peripheral veins,
thereby avoiding the dangers of sub
clavian catheterization. Three such
techniques— the Intralipid system,
protein sparing and infusion of the
"P-900” solution— have been used
with moderate success. The composi
tion of the solutions and the techniques
used are described.
Durant I'alimentation parenterale
complete, une solution hypertonique
(25%) de dextrose associee a une
solution d'acide amine a 5% doivent etre
utilisees pour obtenir le rapport
necessaire calories nonproteiniques/
azote de 150:1. L’hyperosmolarite qui en
resulte interdit ('utilisation des veines
peripheriques et rend obligatoire la
canulation de la veine sous-claviere. Ceci
expose le patient aux risques d’une
infection ou de complications techniques,
mais celles-ci sont peu frequentes et
moins importantes que les effets nocifs
d'une denutrition chronique. Toutefois,
dans certaines conditions cliniques, il est
possible d'assurer une alimentation
parenterale partielle par les veines
peripheriques, evitant de la sorte les
dangers inherents au catheterisme de
la veine sous-claviere. Trois de ces

F rom the department o f surgery, Ottawa
General H ospital and University o f
Ottawa, Ottawa, Out.
Presented at the 1st annual meeting
o f the Canadian Association o f General
Surgeons, Vancouver, P C , Jan. 25, 1978
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Hospital, 43 Bruyere St., Ottawa, Ont.
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techniques— le systeme Intralipid, la
conservation des proteines et la per
fusion de ia solution “ P-900”— ont ete
utilisees avec un succes modere.
La composition de ces solutions et les
techniques employees sont decrites.

Nutrition of the hospitalized patient
may be considered as comprising five
separate categories: total parenteral
nutrition (T P N ) using 25% dextrose
and 5% protein hydrolysate or amino
acids; the Intralipid (Pharmacia [Can
ada] Ltd., Dorval, PQ) system using a
10% fat emulsion administered simul
taneously with 5% protein or amino
acids; protein-sparing— the administra
tion through a peripheral vein of ami
no acids in a 3.5% to 5% solution
without dextrose; infusion o f the “ P900” solution which contains 6.5%
dextrose, 5% amino acids and all es
sential minerals combined with small
amounts of cortisol; and, finally,
various methods o f oral or tube feed
ing for enteral nutrition. Of the solu
tions described in the various cate
gories above, Intralipid, protein-spar
ing and P-900 solutions can be ad
ministered through a peripheral vein
when the subclavian route is contra
indicated or is unavailable because the
vein cannot be cannulated. The peri
pheral technique is most commonly
used in patients with sepsis when the
subclavian catheter has been removed
or cannot be inserted.
Many patients, however, have a mar
ginal nutritional status and are about
to undergo major surgical procedures
from which they may or may not make
an uneventful recovery. It is in this
group o f patients, in whom the in
dications for T P N are not absolute,
that the highest degree of judgement
is required on the part of the clinician.
Should T P N be started prophylactically either pre- or postoperatively and if
so would the possible attendant risks
be acceptable? On the other hand,
should the patient be maintained with
regular crystalloid solutions which
would certainly not prepare him for
any potential complications related to
the procedure? All too frequently we
see patients who have been maintained
on hypocaloric 5% dextrose solutions

for days or even weeks. In such in
stances an equal length o f time is
necessary to restore nutritional status
even with T P N . Indeed, the term “ hy
peralimentation” often used in these
circumstances is a misnomer since T P N
usually provides 2500 to 3000 Cal/d
(10.5 to 12.6 X 10' kJ/d) which is
just above maintenance levels for a
sick and starving patient.
It is important to appreciate the sig
nificance o f negative nitrogen balance
in such patients. For example, a pa
tient with carcinoma o f the sigmoid
colon who has been anorexic and has
had partial obstruction for 2VS weeks
prior to admission would require at
least another 2 to 5 days o f preopera
tive work-up, bringing the period o f
partial starvation to 3 weeks. The
patient would then undergo a sigmoid
resection, followed by another 5 to 7
days receiving only hypocaloric dex
trose infusions. Such a patient would
lose at least 12 g o f nitrogen daily and
each gram o f nitrogen represents ap
proximately 35 g o f lean tissue. There
fore this hypothetical patient is losing
420 g o f pure body protein daily. By
comparison, a patient with a smallbowel fistula and sepsis would lose
30 g o f nitrogen or 1050 g o f pure
protein daily. These figures are even
more impressive if one recalls that
2500 rnL o f T P N solution provides
only 15 to 18 g o f nitrogen, again
emphasizing that time is required to
overcome these deficits. Hence, we
should expand our indications fo r peri
pheral parenteral nutrition. The three
methods mentioned are applicable not
only to the patient who is infected and
who cannot receive T P N , but also on
a prophylactic basis to the partially
starved patient in whom the indica
tions for T P N are not absolute. Each
o f the three methods o f peripheral
parenteral nutrition will now be dis
cussed.

The Intralipid System
Intralipid is an oil extracted from
soybeans. It is a fat and therefore is
insoluble in water. In manufacturing
the solution for intravenous use egg
yolk is added as an emulsifier. The
resulting emulsion has no tonicity so
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glycerol is added to make the solution
isotonic with plasma. The soybean oil
extract together with the egg yolk and
glycerol are homogenized and the
homogenate is sterilized; 500 mL of
water is then added. The final solution
contains 50 g of soybean oil (provid
ing 450 Cal [1886 kJ]) and 25 g of
glycerol (which is metabolized as car
bohydrate and provides 100 Cal [419
kJ]). The final osmolarity is 280
mOsm/L and the caloric content Is
1.1/mL or 1100 C al/L (4.6 X 103
kJ/L), most of which is derived from
fat. The fatty acids found in Intralipid
are primarily unsaturated and consist of
linoleic (54%), oleic (26%), palmitic
(9%) and linolenic (8%) acids. Hence,
the solution has a high caloric density,
is isotonic and can be infused through
peripheral veins. Since the solution is
nonirritating, phlebitis is uncommon.
By comparison, 500 mL of 10% glu
cose contains only 200 Cal (838 kJ)
and predisposes to phlebitis within 36
to 48 hours. The use of Intralipid for
parenteral nutrition follows the same
principles as in TPN. Therefore, a
source of nitrogen must be provided
since calories by themselves will not
achieve protein synthesis. Intralipid
cannot be mixed with protein solutions
since mixing may destroy the emulsant. The usual technique is to have a
Y-connector attached to the tubing
from a 500-mL bottle of Intralipid
10% and a 500-mL bottle of 5%
protein solution containing 25 g dex
trose (usually 5% dextrose in 5%
Amigen [Mead lohnson]). Administer
ing glucose with Intralipid is thought to
be important because glucose provides
brain “fuel”, improves the metabolism
of free fatty acids derived from the
Intralipid and prevents gluconeogenesis of administered protein.
By giving 500 mL each of Intralipid
10% and 5% dextrose in 5% Amigen
(D-5-Amigen) every 8 hours, 1500 mL
of Intralipid and 1500 mL of D-5Amigen can be infused in 24 hours;
this provides the patient with 3000 mL
of water, 2000 calories (8.4 X 103
kJ) and 9 g of nitrogen. Note that
this does not compare favourably with
3000 mL of conventional TPN solu
tion which over the same period would
deliver 3000 calories (12.6 X 103
kl) and 16 to 18 g of nitrogen. How
ever, in certain circumstances the
amount of Intralipid infused may be
increased. The accepted tolerance level
is 2 to 4 g/kg body weight or about
140 to 280 g/d of Intralipid 10%
for a patient weighing 70 kg. A solu
tion of 1500 mL of Intralipid contains
150 g of fat. The amount of effective
nitrogen delivered may also be increased
by using a crystalline amino acid solu
tion instead of a protein hydrolysate.
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This increases the expense consider
ably and also complicates mixing in
the pharmacy since crystalline amino
acid solutions do not contain glucose
which must be added by the phar
macist.* Nevertheless this will soon be
come the accepted method since pro
tein hydrolysates will undoubtedly be
unavailable commercially within 5
years.
Intralipid is metabolized in a man
ner similar to chylomicrons after oral
ingestion of fat. It has proved to be
eminently safe for long-term intra
venous infusion; indeed, experience
with this product, at least in Europe,
spans more than 15 years. The solu
tion should be refrigerated until imme
diately prior to use. Nothing should be
mixed with or added to Intralipid since
this could destroy the emulsion; all
additives should be introduced into the
protein solution. Intralipid 10% will not
pass through Millipore filters. Toler
ance of Intralipid may vary depending
upon the clinical condition of the pa
tient. Premature infants and some
critically ill patients do not tolerate
Intralipid well. Intralipid infusions
bring about a rise in serum triglyceride,
cholesterol and free fatty acid con
centrations. The commonest side ef
fects are fever, chills and headache
but these are not generally serious.
Thrombocytopenia and anemia have
been reported. Intralipid interferes
with the SMA 12/60 biochemical de
terminations, especially the bilirubin
concentration in the young infant.
There have been occasional reports of
abnormal results of liver function tests
in patients receiving Intralipid, al
though these results may actually im
prove if the patient had a fatty liver
due to essential fatty acid deficiency.
Intralipid 10% is contraindicated in the
critically ill patient in whom there is
a danger of fatty acid toxicity, in pa
tients with disorders of fat metabolism
and in patients with thrombocytopenia.
Because of the variation in tolerance
the first infusion consists of a single
500-mL bottle. Eight hours after in
fusion a centrifuged plasma sample is
checked for opalescence to be sure that
the patient can clear the product. The
technique of peripheral infusion is
quite simple and very similar to con
ventional methods. Carefully tape the
wings of the butterfly needle so that
the tip of the needle will not move
and will not be obscured. The needle
should be removed at the first sign of
erythema or pain or within 48 hours.
*At the Ottawa General Hospital the Intralipid system we use consists of 500 mL
of Intralipid 10% -f- (450 mL of 8.5%
Freamine II [McGaw Laboratories, Los
Angeles, CA] -f- 50 mL glucose
vita
mins and electrolytes).

Once infiltration occurs the vein is
generally not accessible for a number
of days. However, cyclic infusion is
possible if the catheter is removed
early enough and the vein can be
used again at a later date. The Intra
lipid bottle connected to a limb of the
Y-tube should be higher than the
protein bottle, otherwise, since Intra
lipid is lighter, it will rise in the other
tube.
In addition to its use as an energy
source during peripheral parenteral nu
trition, Intralipid is also used to treat
and prevent essential fatty acid defi
ciency. Such deficiency is an inevitable
consequence of TPN with only 25%
dextrose-5 % amino acids which is es
sentially a fat-free method of nutrition.
Also, the high dextrose concentration
stimulates insulin secretion which in
turn inhibits mobilization of body fat.
Essential fatty acid deficiency is bio
chemically detectable within 7 days
after the institution of TPN but clin
ically is usually evident only after 6
weeks (or possibly earlier in very mal
nourished patients). The deficiency is
characterized by an increased suscept
ibility to infection, pruritus, an eczematoid skin rash and fatty infiltration
of the liver frequently accompanied by
elevated values for liver enzymes.
(There are several causes of fatty in
filtration of the liver during TPN and
essential fatty acid deficiency is only
one of them.) The syndrome is easily
treated by administering Intralipid (two
bottles per week), because Intralipid
contains nearly 50 g of linoleic acid
in each 500 mL and linoleic acid is
the principal essential fatty acid. In
tralipid has been shown to heal the
skin lesions, reverse biochemical ab
normalities and restore liver enzymes
to normal concentrations. There are
considerable data to show that Intra
lipid infusion will clear fat from the
liver.
In summary, the advantages of In
tralipid are that it can be given by
peripheral vein and that it has a high
caloric density (1100 Cal/L [4.6 X 103
kl/L]). Because a subclavian catheter is
not required Intralipid is useful in pa
tients with sepsis or patients whose sub
clavian vein cannot be catheterized. On
the other hand septicemia can occur
when the Intralipid system is used even
if the solution is given peripherally.
However, infection is less common than
when TPN is used. Intralipid is not
lost in the urine in contrast to glucose.
This is advantageous in patients with
glucose intolerance and also in those
who must receive parenteral nutrition
at home on a long-term basis. In the
latter group the substitution of Intra
lipid for glucose will supply more
calories over a shorter period without
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urinary loss. Hyperosmolarity and
other disorders of body water do not
occur with the Intralipid system. As
mentioned above the results of liver
function tests frequently improve since
Intralipid prevents as well as cures
essential fatty acid deficiency. Finally,
there is a slight increase in convenience
for the pharmacy since the products
do not have to be composed under
laminar flow hoods, unlike the regular
TPN system. The disadvantages of In
tralipid are that the product is expen
sive ($20 to $25 per 500 mL) and in
the United States it is in short supply.
It must be administered with a protein
source through a complicated Y-tubing.
Most researchers in the field are of
the opinion that nitrogen retention is
less with Intralipid than with carbo
hydrate. The concept of peripheral
nutrition is quite valid if peripheral
veins are available. Frequently such
veins are difficult to find or maintain
in critically ill patients. The calorie
and nitrogen intakes when Intralipid
is used are inferior to those provided
by regular TPN. The risk of infection,
if Intralipid is given by the subclavian
route, is not reduced.
Reservations have been expressed re
garding the possible development of
the fat-overload syndrome, particularly
with regard to cholesterol and tri
glyceride deposits in the vascular sys
tem.
Protein Sparing

During TPN, hypertonic dextrose
and amino acids are infused simul
taneously at a ratio such that the en
ergy requirements are met by dextrose,
allowing the amino acids to be used
for protein synthesis. Hence positive
nitrogen balance is attained only if pro
tein infusions are accompanied by
adequate quantities of nonproteinderived calories. On the other hand,
infused nitrogenous compounds, through
the process of gluconeogenesis, can
and do serve as energy substrates if
the quantity of nonprotein-derived cal
ories is inadequate. Providing adequate
nonprotein calories by a peripheral route
is difficult. The development of the
subclavian system permitted the simul
taneous administration of hypertonic
dextrose with protein. However, place
ment and care of this catheter is com
plicated and infection or mechanical
complications are always potential
risks.
One metabolic consequence of hy
pertonic dextrose infusion is that con
centrations of serum insulin are ele
vated. This hormone inhibits mobilizaiton of body fat. If amino acids are
infused without dextrose, there is less
circulating insulin. This permits mobil
ization of endogenous fat which can be

used for energy, allowing some amino
acids to be used for anabolic purposes
rather than for gluconeogenesis. Ac
cordingly, amino acids could be in
fused by peripheral vein on the assump
tion that nitrogen balance will be im
proved even though nonprotein calories
are not being administered. The
theoretical source of these calories
would be from endogenous fat.
Our data from a series of experi
ments performed both on healthy vol
unteers and on patients postoperatively
can be summarized as follows:
All patients receiving 5% dextrose
after major operative procedures were
in negative nitrogen balance of approx
imately -9 to -12 g/d and this nitrogen
balance could be improved to -2 g/d
with a 3% amino acid solution (total of
3000 mL or 90 g of amino acids per
day). Nitrogen balance was further im
proved to -0.5 g/d with a 5% amino
acid solution (total of 3000 mL or 150
g/d). Accompanying this improved
nitrogen balance were elevated values
of both free fatty acids and ketone
bodies, indicating the mobilization of
body fat. Simultaneously there was a
marked decrease in serum insulin con
centrations. These data support the
concept that nitrogen balance is im
proved during the infusion of hypocaloric amino acid solutions without
dextrose.
When dextrose was added to the
amino acids, nitrogen balance improved
slightly but not substantially. How
ever, the amounts of dextrose used
were only small (50 g/L of amino
acids). If larger amounts were added
to attain the ratio used during regular
TPN, nitrogen balance would definitely
improve. When small amounts of dex
trose were added to the amino acid
solutions, serum free fatty acid and
ketone-body concentrations fell and
insulin concentrations rose. Neverthe
less, nitrogen balance remained essen
tially unchanged. These data tend to
refute the role of insulin in protein
sparing and this is reasonable since
insulin is an anabolic hormone.
Stated another way, low insulin con
centrations are not really essential
to the success of protein-sparing
therapy. During amino acid infusion
without dextrose, most of the calories
are derived from fat. With the addi
tion of increasing amounts of dex
trose, more and more calories are
provided by glucose. However, body
fat continues to be mobilized up to
the point where all calories are pro
vided by glucose.
In summary, infusing 20% of
caloric requirements as dextrose-free
crystalline amino acids in patients
with moderate to mild malnutrition is
a beneficial technique for the safe

Glimpses of Surgical History:
X for X-Rays
D avid A .E . Shephard
Modern history often is as interesting as
the old. In the history of surgery X -R A YS
provide us with a special glimpse of both
what is relatively recent and what under
lies this series of vignettes — the work of
men and women who were not surgeons
but who contributed greatly to the develop
ment of surgery. Radiologists and their
precursors have written a memorable
chapter in the surgeon’s book of the past.
Modern history often is beset by some
of the problems of the old. For the
modern medical historian it is frustrating,
for example, that the notes of Wilhelm
Conrad Rontgen (1845-1923) were de
stroyed aftet his death, in accordance
with his will. Thus we shall never know
for certain whether Rontgen discovered
x-rays on Nov. 8, 1895, as most author
ities believe, or on another date, some
what earlier.
Modern history, like ancient history,
also has its share of literary imagination
and romance—and of forgotten workers
who had produced x-rays before Rontgen.
An example of the former has been given
by Grigg, in his fascinating classic,
‘‘The Trail of the Invisible Light”: what
he terms “poetic provenience” is the story
of a Finnish virgin whose “beauty gave
light like the moon” and whose bones
were so white that "their whiteness glim
mered through the transparency of her
flesh". Grigg also refers to Roger Bacon,
known as Doctor Mirahilis, who had
written in the 13th century that “there
are many dense bodies which altogether
interfere with the visual and other senses
of man, so that rays cannot pass such
energy as to produce an effect on the
human sense and yet nevertheless rays do
really pass through without our being
aware of it”.
Rontgen was one of several 19th
century physicists who truly became
aware that the body does interfere with
the passage of certain rays, later called
x-rays. Among them were Stine, Goodspeed and Lenard in the 1890s, and
Pliicker, Crookes, Hittorf and Geissler
earlier. And even before them we recog
nize the work of the Welsh mathematician,
William Morgan who communicated the
results of experiments on vacua that
produced light that was coloured at first
and then “invisible”. Bui it was the partly
blind Rontgen who first explored the
properties of this new kind of light, which
he named X Strahlen.
Rontgen won the first Nobel Prize and
became an honorary MD. His work shone
light where none had been recognized be
fore, and it allowed surgeons to trespass
on the bodies of their patients with everincreasing confidence and safety.

VOLUME 21, NO. 6, NOVEMBER 1978 / THE CANADIAN JOURNAL OF SURGERY

491

peripheral infusion of nitrogen for
7 to 12 days until enteral nutrition
is resumed or until the patient clear
ly requires TPN. Protein sparing
should not become a universal sub
stitute for 5% dextrose therapy in
routine postoperative care. Protein
sparing is an acceptable but temporary
method
of peripheral
nutritional
therapy when the period of starvation
is not predictable and when the in
dications for TPN are not absolute.
Adding dextrose to the amino acid
solutions does not significantly alter
nitrogen balance although it allows
slightly more nitrogen sparing. How
ever, the addition of glucose doubles
tonicity and renders peripheral in
fusion more difficult. For practical
purposes 500 mL of an 8.5% amino
acid solution is mixed with an equal
volume of sterile water or normal
saline, depending upon electrolyte re
quirements. Potassium and vitamins
are added as needed and the solu
tion is infused peripherally just as
in postoperative crystalloid intra
venous therapy. There are no meta
bolic complications except for a two
fold elevation of the blood urea
nitrogen value which returns to nor
mal 24 hours after therapy is dis
continued. If the blood urea nitrogen
concentration exceeds 35 mg/dL
(12.5 mmol/L) the concentration or
volume of amino acids should be
reduced. All patients receiving this
treatment have a slight metabolic
acidosis which is well tolerated.
The P-900 Solution

An anabolic state can be achieved
only with the simultaneous infusion
of protein and nonprotein calories.
For TPN this solution contains protein
together with varying concentrations of
dextrose. The ideal formula as conven
tionally used during TPN is a mixture
of 25% dextrose and 5% amino acids.
The inference is that as more glucose
is administered, less administered pro
tein and body protein stores are re
quired for gluconeogenesis. The use
of dextrose concentrations in excess
of 5% is limited by the risk of
phlebitis. This complication can be
partially circumvented by using the
P-900 solution, so called because it
has an osmolarity of 900 which is
far in excess of that normally tolerated
by peripheral veins. One litre of this
solution contains 65 g of dextrose
and 4 g of nitrogen combined with
the normal maintenance quantities of
sodium, chloride, potassium, calcium,
phosphorus and magnesium. In addi
tion, 5 mg of cortisol and 500 IU of
heparin are added to each litre and
these reduce the incidence of phlebi
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tis. The efficiency of this solution
is somewhere between that of protein
sparing solutions (5% amino acids
alone) and regular TPN (5% amino
acids in 25% dextrose).
Summary and Conclusion

Nutritional management of the hos
pitalized patient can be effected by a
number of different methods: as TPN
administered through a subclavian
vein, as peripheral parenteral nutri
tion administered through hand or
forearm veins, or as enteral nutrition
by way of the gastrointestinal tract.
There are three different types of
peripheral nutrition:
(1) Protein-sparing therapy using
amino acids without dextrose is a satis
factory method for short-term nutri
tion in the patient whose clinical period
of starvation is unpredictable and in
whom the indications for TPN by way
of the subclavian vein are not ab
solute.
(2) The Intralipid system is com
parable to the hypertonic dextroseamino acid system, and in the opinion
of many it is equally effective. How
ever, there are certain practical draw
backs to the Intralipid system, most
notable of which is the limited number
of calories and amount of nitrogen
that can be administered over a 24hour period. Most experts in paren
teral nutrition currently believe that
the Intralipid system should be used
only for maintaining nutrition when
the subclavian vein cannot be catheterized for technical reasons or in
the presence of infection which con
traindicates cannulation of the vein.
Intralipid can also be employed for
the prevention and treatment of essen
tial fatty acid deficiency.
(3) The use of homeopathic doses
of steroids and heparin may permit
the peripheral infusion of hyperos
molar 6.5% dextrose—5% amino acids
with the necessary vitamins and
minerals.
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3. Total Parenteral Nutrition
D.B. A llardyce ,

Total parenteral nutrition (TPN) should
be considered for patients with serious
nutritional depletion who require major
elective surgery. It is advisable that
TPN be instituted in persons who have
a severe injury or critical illness in
whom it is anticipated that the gastro
intestinal tract will be unavailable and
that a septic or catabolic state will
exist for an extended period.
Energy requirements may range from
35 to 55 Cal/kg body weight daily
(147 Id to 230 kj/kg daily), depending
on the magnitude of the injury and the
indications of increased metabolic
demands as provided by the pulse rate
and temperature. A proportion of 4 0%
lipid (2 g/kg daily), in the form of 10%
Intralipid, and 6 0 % hypertonic dextrose
is recommended as a mixture that is of
moderate osmolarity and protects
against fatty acid deficiency and fatty
metamorphosis in the liver.
Protein is supplied as infusions of
crystalline amino acids. Protein to the
amount of 1 g/kg body weight daily
will sustain an ambulatory, healthy
person but up to 2 g/kg daily may be
required for critically ill patients. A
calorie/nitrogen ratio (the number of
calories supplied for each gram of
nitrogen intake) of 150:1 will result in
positive nitrogen balance in someone
in a state of starvation at rest, but a
ratio as high as 300:1 may be necessary
in patients with sepsis. Overzealous
administration of calories and amino
acids in critically ill patients seldom
results in more rapid recovery or an
increased rate of survival; rather, an
increase in metabolic complications
may be expected, with hyperglycemia,
hyperlipidemia, increasing blood urea
nitrogen values and deterioration in
liver function and structure.
Attention to detail in providing min
eral, trace element and vitamin additives
is important. Zinc and copper defi-
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ciencies will readily develop in TPN
patients receiving a high protein intake.
Consideration should be given to
using peripheral veins for TPN when
the calorie and nitrogen requirements
are modest and when TPN is expected
to be necessary for no longer than
2 to 3 weeks.
La nutrition parenterale totale (NPT)
doit etre envisagee pour les malades
serieusement denutris qui sont destines
a subir une intervention chirurgicale
lourde elective. II est souhaitable
d'instituer une NPT chez les sujets
gravement traumatises ou dangereusement malades et chez qui on prevoit
une inevitable mise au repos du tube
digestif et la persistance d'un etat
septique ou catabolique au long cours.
Les besoins energetiques peuvent
varier de 35 a 55 Cal/kg de poids
corporel par jour (147 kJ a 230 kJ/kg
par jour) selon I'importance des lesions
et les signes d’une augmentation des
exigences metaboliques d’apres la
frequence du pouls et la temperature.
Un apport lipidique de 4 0 % (2 g/kg
par jour) sous forme d'lntralipid a 1 0%
et de glucose hypertonique a 6 0 % est
recommande comme melange ayant une
osmolarite moderee et protegeant contre
la carence en acides gras et la
steatose hepatique.
L’apport proteique est fourni par des
perfusions d’acides amines cristallins.
Alors qu’un apport proteique quotidien
a raison de 1 g/kg de poids corporel
sera suffisant pour la nutrition d'un
individu ambulatoire en bonne sante,
les patients gravement malades pourront
necessiter jusqu'a 2 g/kg par jour. Un
rapport calories/azote (le nombre
de calories qui devraient etre fournies
par gramme d’azote) egal a 150:1
permettra d'assurer un bilan azote
positif chez un sujet en etat d’inanition
au repos; or, un rapport atteignant
jusqu'a 300:1 pourra etre necessaire
dans les etats septiques. L'administration
demesuree de calories et d’acides
amines a des malades dans un etat
grave amene rarement une guerison
plus rapide ou un taux de survie plus
eleve; au contraire, on peut escompter
une augmentation des complications
metaboliques, avec hyperglycemie,
hyperiipidemie, elevation de I’azote
ureique du sang, et alteration des

fonctions et de ('architecture hepatiques.
II importe de veiller minutieusement
a I’apport des mineraux, des oligoelements et des vitamines. En effet,
les malades sous NPT soum is a une
alimentation hyperprotidique sont
particulierement exposes a une carence
en zinc et en cuivre.
On envisagera un abord veineux
peripherique pour la NPT dans les cas ou
les besoins caloriques et azotes restent
discrets et dans lesquels on ne prevoit
la necessity d’une NPT que pour un delai
n'excedant pas 2 a 3 semaines.

When total parenteral nutrition (TPN)
is instituted, the objective is to provide
all of the patient’s estimated total ener
gy requirement as well as sufficient
protein in the form of amino acids to
sustain or produce a gain in body cell
mass. Body cell mass has been defined
as that component of body composition
which is rich in potassium and involved
in the exchange of energy and the per
formance of work. The cellular protein
of visceral and skeletal muscle consti
tutes the bulk of this tissue, but protein
contained in the extracellular fluid, in
connective tissue and in bone may also
be included in this vital and actually
limited (6 to 10 kg) reserve. In addition,
the patient’s fluid, mineral and vitamin
requirements must also be supplied.
Indications for TPN
Serious nutritional deprivation con
tributes to morbidity and m ortality in
patients who undergo surgery. If at all
possible elective surgery should not be
performed on severely depleted patients,
nor should a state of cachexia be per
mitted to evolve in a patient with a
prolonged or catabolic illness.
The indications for TPN in 97 pa
tients treated at the Vancouver General
Hospital from July 1, 1975 to Dec. 31,
1977 are shown in Table 1. As in most
reported series, enterocutaneous fistula,
pancreatitis, peritonitis with ileus or
obstruction and inflammatory bowel
disease are the commonest problems re
quiring this form of management.
It is important to anticipate extended
periods of inadequate oral nutrition and
to institute parenteral feeding before
protein reserves are seriously reduced.
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The occurrence of a postoperative prob
lem or complication that prevents the
resumption of oral feeding should be a
signal, and serious consideration should
be given to the institution of special
nutritional support at this point.
Similarly, careful consideration must
be given to the nutritional status of
patients who undergo elective surgery.
Except in patients with Crohn’s di
sease,1 preoperative nutritional support
Table 1— Indications tor Total Parenteral
N utrition (T P N ) in 97 Patients Treated at the
Vancouver General Hospital between July 1,
1975 and Dec. 31,1977
No. of
patients

Indication
Enterocutaneous fistulas
Small-bowel
Esophagocutaneous
Gastrocutaneous
G astrojejunal anastomotic
Duodenal stump
Colocutaneous
Acute edematous pancreatitis
Pancreatic necrosis or abscess
Perito nitis, ileus or mechanical
obstruction
Crohn’s disease
U lcerative colitis
Esophageal carcinoma
Esophageal stricture
Gastric retention afte r gastrecto
my or vagotomy and drainage
procedure
Intra-abdom inal abscess
B ilia ry fistula
Gastrocolic fistula (gastric ulcer)
Obstructed afferent loop after
gastrectomy
M etastatic Zollinger-Ellison
tumour

20
2
4
1
5
2
4
9
16
9
3
1
1
4
10
3
1
1
1

Table I I — Indices for N u tritio n al Assessment
History of weight loss
W eight/height
Triceps skin-fold thickness
M id-upper arm muscle circum ference
Serum albumin values
C reatin in e/h eig h t index
Total lymphocyte count
Serum tran fe rrin values
C ellular im munity skin testing for

Candida
Varidase
Purified protein derivative
Mumps
Dinitrochlorobenzene contact sensitization

has not had an adequate trial in our
program and the experience has been
far too heavily weighted in favour of
salvage rather than prophylaxis.
Clearly 2 to 3 days of preoperative
support are inadequate, as it is unlikely
that in any period less than 2 weeks
will appreciable nutritional gains be
achieved or the course of postoperative
events influenced.2 Conversion of
energy to normal reactivity, when this
has been successful, has required 2 to
3 weeks of nutritional support.
In addition to the history of rapid or
significant weight loss, other objective
criteria of use in evaluating a person’s
state of nutrition1 are listed in Table II.
These methods are noninvasive, are
sensitive and correlate well with more
sophisticated tests. Bistrian and as
sociates3 demonstrated that triceps skin
fold thickness, midarm muscle circum
ference and serum albumin values are
good indices of protein-calorie malnu
trition. It is clear from this and other
surveys that the frequency of proteincalorie malnutrition in hospitalized pa
tients approaches 50%.
Meakins and colleagues4 have de
monstrated by skin testing with com
mon antigens and by tests of function
of polymorphonuclear leukocytes that
nutritional depletion may result in sub
stantial deterioration in host defence
mechanisms. This explains why depleted
patients do so poorly and are so vulner
able to invasive infection.4
Although protein—calorie malnutri
tion can be demonstrated in large num
bers of hospitalized patients, it does not
follow that 50% of the patients should
be given parenteral nutrition. At Van
couver General Hospital only 2% of
acutely ill patients receive parenteral
feeding.
The possibility of using the gastroin
testinal tract to supply nutritional needs
should always be considered first. Fre
quently, access may be gained to a
sufficient length of functioning small
bowel by the nasogastric route or the
use of a jejunostomy feeding tube.
A decision to implement TPN should
be made only after careful considera
tion of the existing nutritional status of
the patient, the magnitude of injury or
surgical intervention, the anticipated

period without satisfactory oral intake
and the degree of catabolic stress to
which the patient will be subjected
during this interval. Prognosis should
influence the decision, and patients
without hope of benefit should not re
ceive TPN.
Caloric Provision

The energy requirements of the pa
tient should be estimated and then fully
supplied. Total caloric consumption
ranges from 1600 Cal/d (6.7 X 103
kJ/d) in the resting patient to 3500
Cal/d (14.7 X 101 kJ/d) in a patient
who has received severe burns (Table
III).
Dextrose

Hypertonic dextrose is an inexpen
sive source of fuel. The necessary ca
lories can be supplied in a reasonable
volume of fluid, although the osmolarity of the preparations necessitates their
administration into the superior vena
cava. Hyperglycemia, hyperosmolarity,
or reactive hypoglycemia may develop,
but monitoring of fluid balance, urine
sugar and blood serum constituents will
usually detect any undesirable trends.
Dextrose appears to permit the maxi
mal utilization of infused amino acids5
and by sustaining high serum insulin
concentrations creates a hormonal
milieu favouring anabolism.
Lipid

A lipid emulsion suitable for paren
teral administration is now available
throughout North America as a 10%
emulsion of soybean oil (Table IV).
Lipid emulsions provide essential fatty
acids and a minimum of 1000 mL/wk
of 10% emulsion will maintain plasma
concentrations of essential fatty acids
at low-normal values. Intralipid 10%
(Pharmacia [Canada] Ltd., Dorval, PQ)
has an osmolarity of 280 mOsm/L.
When combined with amino acid solu
tions and 10% dextrose, the mixture
can be infused by peripheral vein.6
Lipid given alone as an energy
source will maintain nitrogen balance
in resting healthy persons.7 There is
evidence that intravenous fat m ay.be
less effective than glucose as a nitrogen
sparer in persons with infection or
major burns.5

Table III —Average Energy Requirements (C a l/d )
Severe
Trauma
sepsis
Burns
Total requirements Total requirements (+ 2 0 % of
( + 40% of
( + 70% of
Weight,
for resting
for ambulant
resting
resting
resting
patients
patients
requirem ents) requirem ents) requirements)
kg
50
60
70
80
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1540
1720
1880
2020

1668
1863
2036
2188

1848
2064
2256
2424

2156
2408
2632
2828

2618
2924
2196
3434

Table IV— Constituents of Intralipid 10%
(Pharm acia)
Fractionated soybean oil
Fractionated lecithin
Glycerol
Caloric value
Osmolarity
Particle size

100 g/L
12 g/L
25 g/L
1100 C al/L
280 mOsm/L
0.5 p.
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The cutaneous manifestations of es
A wide range of lipid/dextrose ratios sential fatty acid deficiency may be
in the solutions administered will direct controlled and the concentrations of
the amino acids into protein synthesis essential fatty acid maintained at a
and achieve positive nitrogen balance7 low-normal value by giving 1000 mL
(Fig. 1). To be successful adequate of Intralipid 10% weekly.8 Even with
exogenous calories should be combined this management fatty metamorphosis
with a modest nitrogen intake of 12 to may still occur (Fig. 2).
Our protocol for central venous feed
15 g; 150 to 200 calories should be sup
plied for each gram of nitrogen in ing calls for the administration of about
60% of energy requirements as Intra
take.
From the nutritional standpoint ad lipid 10% (3 g/kg body weight) and
ministration of hypertonic dextrose the remaining 40% as dextrose 50%
alone is an effective regimen but a (Table V). This regimen successfully
deficiency of essential fatty acids is produced a positive nitrogen balance
bound to develop. Extensive fatty infil and weight gain in a group of patients
exhibiting various degrees of systemic
tration of the liver will also occur.
infection (Table VI).
% GLUCOSE:
17
100
50
40
Increasing the lipid contribution to
the total caloric requirement has pre
% LIPID:
83
0
50
60
vented extensive fatty infiltration of the
liver but has resulted in a high frequen
cy of progressive cholestasis in persons
maintained on TPN for over 30 days.9
This liver lesion is characterized by
periportal infiltration with inflamma
tory cells, bile-duct proliferation and
canalicular bile plugs (Fig. 3).
It is recommended therefore that the
dosage of lipid emulsion be restricted
to 2 g/kg or not more than 40% of
the total estimated caloric requirement.
FIG. 1— Nitrogen balance obtained in
patients with complications after surgery,
This dosage would serve to reduce sub
Proportions of Lipid and D extrose

when supported with 45 C al/kg (186 kJ/
kg), 40% as glucose, 60% as lipid.
Column graph from W olfe,7 with our data
added as fourth column on right.

stantially the osmolarity of the infused
solution, maintain essential fatty acid
concentrations and protect against the
development of extensive fatty meta
morphosis.
Protein

Protein is supplied by solutions of
crystalline amino acids. Our protocol
employs Travasol 10% (Baxter Labora
tories of Canada Ltd., Malton. Ont.),
but other products appear to be equally
effective in supplying protein require
ments. Although in these various solu
tions there are differences in the total
concentration of amino acids (8% to
10%) and variations in the quantities
of individual amino acids (Table VII),
no clear differences have been found
in the efficiency of their consumption
and incorporation into body protein.
The variation in composition of the
preparations leads to changes in amino
acid concentrations of arterial blood,
often reflecting the imbalances inher
ent in the solutions. It is also ob
served, however, that the choice of
energy supply (lipid or fat) and contri
bution of each to the total caloric
value of the solution administered will
clearly affect arterial amino acid con
centrations. In adults, in the absence of
serious renal and hepatic dysfunction,

Table V— Composition of TPN Solution Used at the
Vancouver General Hospital*
Protein,
g/L
Travasol (Baxter Laboratories), 700 mL
50% dextrose, 300 mL

Cal/L

70
—

350
600

70

950

Intralipid 10%
Soybean oil
Lecithin

—

900
200

Total

70

2050 Cal/2L

’Total volume of solution infused/d = 3000 mL.

Table V I— Nitrogen and Calorie Intake with Peripheral TPN
Patients receiving
Amigen 800 (Mead Johnson) + Intralipid
10% (group 1)

FIG. 2— Fatty infiltration of liver in
20-year-old malnourished patient with
Crohn’s disease who was supported by
total parenteral nutrition (TPN) with all
caloric requirement supplied as hypertonic
dextrose. Intralipid 10% (1000 ml.) was
given weekly. Despite fatty infiltration
liver function was normal throughout
(hematoxylin and eosin, reduced by 50%
from X160).

Day

Cal/d

1
2
3
4
5
6
Mean
SD

3210
2244
2677
2754
2510
2336
2622
± 347

Nitrogen Nitrogen
intake/d balance/d
10.2
7.2
9.5
8.4
7.3
8.0
8.5

+2.9
-1.4
+2.0
-0.7
+0.6
+2.1
+0.9
±1.7

Travasol/dextrose + Intralipid
10% (group 2)

Treatment
period, d
20
13
28
16
21
16
19

Cal/d
3128
2563
2761
2476
2489
2870
2714
± 255

Nitrogen
intake/d
19.7
17.2
19.2
16.1
16.9
17.2
17.7

Nitrogen
balance/d
+
+
+
+
+
+
+
±

7.8
6.2
10.9
0.7
7.8
7.8
6.6
3.9

Treatment
period, d
28
85
30
34
62
44
47

The difference in nitrogen balance/d between group 1 and group 2 is significant, P < 0.005.
SD = standard deviation.
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these changes do not appear seriously
to impair the effectiveness of the solu
tions or to cause toxicity.
The majority of ambulatory patients
who have not suffered recent sepsis or
injury will be maintained in nitrogen
balance if their caloric requirement is
supplied and if they receive protein,
1 g/kg body weight.10
Our protocol supplies nitrogen (16
to 18 g) or protein (100 g/d) and we
do not continually adjust this intake
according to the patient’s weight or
degree of catabolism, as indicated by
such factors as the magnitude of in
jury, temperature, pulse rate, or leuko
cyte count. Previous studies of nitrogen
balance have demonstrated that many
patients may be in negative or zero
balance for short periods during critical
phases of their illness but ultimately
enter an extended phase of ■positive
nitrogen balance during convalescence
and make substantial gains in body
cell mass.
Since urea consistently represents
about 80% of the total nitrogen loss,
a daily determination of urinary urea
concentration and calculation of the
total daily excretion of urea will
provide an approximate estimate of
“nitrogen balance” and thus of the suc
cess of any given TPN protocol.
The presence of hepatic or renal fail
ure is a special circumstance requiring
radical alteration in the composition
and concentration of currently avail
able solutions. In hepatic failure, ar-

terial concentrations of phenylalanine
and methionine (which is potentially
toxic) rise to two or three times normal
values while of branched-chain amino
acids remain at below-normal values.11
It is clear that currently available amino
acid solutions are unsuitable for the
support of these patients. In patients
with acute renal failure and without
gastrointestinal function, it is possible
to reduce protein losses appreciably by
infusing very hypertonic dextrose solu
tions (70%) with small quantities of
essential amino acids.1*
Vitamins

It is possible for vitamin deficiency

or toxicity to develop during parenteral
nutrition and care should be taken both
that the daily requirements are met and
that potentially toxic vitamins (A and
D) are not given in excess. In our pro
gram M.V.I.-1000 (Arlington Labora
tories, Montreal, PQ), 10 mL, is given
twice weekly. The amounts of fat- and
water-soluble vitamins supplied, com
pared with known daily requirements,
are shown in Table VIII. Vitamin K
is given as AquaMephyton (Merck
Sharp & Dohme Canada Ltd., Kirkland,
PQ), 10 mg, by intramuscular injection
twice weekly. Folate, 10 mg, is given
three times weekly and vitamin Bi2,
100 /zg, monthly.

Table VII— Solutions Available and Their Amino Acid Composition
Essential
amino acids
L-leucine
L-phenylalanine
L-methionine
L-lysine
L-isoleucine
L-valine
L-histidine
L-threonine
L-tryptophan*
L-cysteine/cystine
L-glutamic acid
L-alanine
L-glycine
L-arginine
L-proline
L-tyrosine
L-aspartic acid
L-serine

Amigen 800,
mg

Aminosol 5%f in 5%
dextrose in water, mg

410
200
130
310
260
310
130
190
35

636
100
100
400
218
163
116
232
50
30
Some

—
—

Travasol,
mg
620
620
580
580
480
460
440
420
180
—
—

—

—

—

no

208
208
104
420
400

—

Some
—

168

—

—

—

208
290

—

—

Vamin,f
mg
525
545
190
385
390
425
240
300
100
140
900
300
210
300
810
50
405
705

‘ Nonessential.
tAbbott Laboratories Ltd.
fPharmacia (Canada) Ltd.

Table

VIII—Vitamins*

M.V.I. - 1000 (Arlington Laboratories),
10 mL twice weekly

Daily dose

Daily requirement

3000
300
3
12
3
30
7.5
4

4000
400
90
1.5
1.7
21
10
2

Vitamin A, IU
Vitamin 0, IU
Vitamin E, mg
Thiamin, mg
Riboflavin, mg
Niacin, mg
Pantothenic acid, mg
Pyridoxine, mg

*Foiate, 10 mg, was given three times a week, vitamin K, 10 mg, twice a week and vitamin B i 2,
100 |j.g, once a month.

Table IX

FIG. 3— Section of liver showing wellpreserved hepatocytes but portal tracts
expanded with inflammatory infiltrate.
This 45-year-old woman with gastric out
let obstruction had 40% of nonprotein
calories supplied as Intralipid 10% in total
daily dose of 3 g/kg. Cholestatic jaundice
developed after 20 days of TPN (hema
toxylin and eosin, reduced by 50% from
X160).
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Mineral requirement
Sodium
Potassium
Magnesium
Calcium
Phosphate

Minerals

Base solution (Travasol)*
meq/L
70.0
60.0
10.0
—

Add, meq

_
8.0
20

60.0

‘ Also iron, 25 mg, monthly.
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Minerals

The mineral content of our amino
acid solution (Travasol) is supplemented
appropriately to meet daily require
ments (Table IX). The electrolyte con
tent of available amino acid solutions
varies and the minerals to be added
will depend on the amino acid source
being used.
Trace Elements

Although trace elements may be sup
plied in blood products, as contamin
ants in other intravenous solutions and
in water in those patients allowed ac
cess to it, it is clear that these sources
are unreliable. Although deficiency
states have been described for zinc,
copper and chromium during TPN, we
have encountered only zinc deficiency.
Patients receiving a high protein in
take are most vulnerable. The cutane
ous manifestations of zinc deficiency
will frequently develop after 3 weeks of
TPN when the nitrogen intake exceeds
16 g/d. Typically, the lesions involve
nasolabial folds, lips, scrotum and
mucous membranes of the mouth. The
eruption is painful and wet and often
becomes secondarily infected.
To ensure adequate intake, trace ele
ments must therefore be supplied parenterally in specially prepared solutions.
Daily requirements are listed in Table
X.
Venous Access

Total parenteral nutrition may be
supplied through a central catheter in
either the subclavian or internal jugular
vein, through an arteriovenous shunt, or
through a peripheral vein in the upper
extremity.
Of the last 100 patients supported
by TPN, the peripheral venous route
was used in 60 and was the only form
of venous access in 49 patients. The
major advantages of this technique are
the freedom from complications and
sepsis related to the placement of
central catheters. The technique re
quires that 80% of the caloric
requirement be supplied as Intralipid
10% in order that the osmolarity of
the infusion may be kept sufficiently
low. Nitrogen intake must be restricted
to 12 to 15 g/d and the balance of

energy requirements supplied as 10%
dextrose. The reduction in energy re
quirements supplied, reduced nitrogen
intake and technical difficulties some
times encountered with peripheral veins
make the method unsuitable for long
term support of severely catabolic
patients. However, the peripheral
venous route is useful for initiating
TPN and as the sole means of support
for patients needing TPN for only 2
to 3 weeks.13 The protocol we use for
peripheral venous feeding consists of
1500 mL of Intralipid 10%, 550 mL
of 10% dextrose and 950 mL of 10%
Travasol, which provides a total of
1820 nonprotein calories (7.6 X 103
kJ), 95 g of protein and 15 g of ni
trogen. Dextrose and Travasol are
combined as two units (700 mL Tra
vasol plus 300 mL 10% dextrose in
water and 250 mL Travasol plus 250
mL 10% dextrose in water). Each unit
runs at 60 m L/h simultaneously with
Intralipid 10%. The patient’s fluid in
take is 3000 mL/d.
For patients requiring central venous
feeding we use Centrasil catheters
(Viera, division of Travenol Labora
tories, Dallas, TX) inserted percutaneously into the internal jugular vein. A
careful protocol of asepsis is followed
not only for the insertion of catheters
but also for changes of dressings, del
ivery sets and bottles.
In selected patients a polytetrafluoroethylene (PTFE) graft may be placed
as an arteriovenous shunt in the arm .14
This technique is preferred for the pa
tient with multiple foci of bacterial

sepsis whose course of TPN is expected
to be prolonged (Fig. 4).
Complications

Complications may be related to the
placement of central venous lines or to
failure of their safe maintenance (Table
XI). Excesses or deficiencies of the
constituents of the TPN solutions are
frequent. Although the requirements
of patients on TPN are now better un
derstood, acutely ill persons still re
quire careful monitoring to detect
undesirable changes early enough to
prevent morbidity.
Septicemia and fungemia are poten
tially the most serious complications
Table XI—Complications
Placement of lines
Pneumothorax
Hematoma
Malposition of line
A ir embolism
Maintenance
Bacterial infection of system and sep
ticemia
Fungal infection of system and fungemia
Displacement, clotting, disconnection
Metabolic
Water excess or hyperosmolarity
Sodium excess or deficiency
Disturbances of potassium balance
Hyperglycemia
Reactive hypoglycemia
Hypophosphatemia
Essential fatty acid deficiency
Increasing serum urea nitrogen value
Vitamin excesses and deficiencies
Excess of A and D
Deficiency of folate and biotin
Trace-element deficiencies (Zn, Cu, Cr)

Table X -Trace Metals

Trace metals
Zinc
Copper
Manganese
Chromium
Selenium
Iodine

1000 mL
Travasol
10%
0.5 mg
0.4 mg
0.1 mg
—
—

20 v.g

Daily
requirement
3.0 mg
1.6 mg
2.0 mg
2ag
120 :j.g
120 ^g
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F IG . 4— Polytetrafluoroethylene (PTFE) graft can be placed in u p p er arm as
arteriovenous shunt. This form of vascular access is useful fo r patients requiring T P N
in hospital for extended periods. G ra ft is resistant to sepsis. Solutions are infused through
butterfly needles.
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although their frequency has been re
duced to below 3% in most carefully
organized and supervised programs.
The lethality of septicemia should
never be underestimated and sudden
changes in the tem perature and pulse
rate should lead to removal of the line.
Cultures of blood should be taken from
the tubing and solutions, and ap
propriate antibiotics should be given
through peripheral veins. Delay in re
moving the line, pending a search for
other sources of sepsis or treatment of
existing infection, may be disastrous,
permitting the establishment of pyemic
abscesses or endocarditis. Septicemia
due to Candida is particularly dan
gerous and difficult to eradicate even
after removal of the line. Candida
ophthalmitis may supervene causing
severe loss of vision or blindness. Total
parenteral nutrition through a central
venous line is contraindicated in the
presence of extensive Candida colo
nization of wounds or of the gastroin
testinal, respiratory, or urinary tracts.
Summary
Total parenteral nutrition is an ef
fective clinical measure if it is used
carefully and in moderation. Patients in
desperate or critical situations will not
be saved by the administration of ex

cessive nutrients in any form. Excesses
only cause problems such as hyper
glycemia,
hyperosmolarity, massive
fatty infiltration of the liver, uremia,
encephalopathy, a direct toxic effect
on liver cells, lipemia, reticuloendo
thelial system blockade and cholestasis.
Other aspects of management, such as
appropriate
surgical
intervention,
should not be forgotten.
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SESAP II Question
94 . Hyperosmolar, hyperglycemic, nonketotic coma occurs in
(1) diabetic patients subjected to stress
(2) patients receiving intravenous hyperalimentation
(3) patients receiving peritoneal dialysis
(4) previously healthy patients receiving persistently high caloric intake after sustaining burns or other trauma
For the incomplete statement above, one or more of the completions is correct. Your answer should be
A
B
C
D
E

if
if
if
if
if

only 1, 2, and 3 are correct,
only I and 3 are correct,
only 2 and 4 are correct.
only 4 is correct,
all are correct.

For the critique of Item 94 see page 552 of this issue.
(Reproduced by permission of the American College of Surgeons from SESAP II Syllabus: Surgical Education
and Self-assessment Program No. 2. For enrolment in the Surgical Education and Self-assessment Program No.
2 please apply to the American College of Surgeons, 55 East Erie St., Chicago, IL 60611.)
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4. Panel Discussion
Panelists: F.D. M oore,

Following the presentation of the
preceding papers the subject was fur
ther pursued and summarized in a
series of questions addressed to Dr.
Francis D. Moore and Dr. Flarry M.
Shizgal.
Question: Which patients require par
enteral nutrition?
Dr. Moore: In our hospital we have a
small total parenteral nutrition (TPN)
service. Actually we do not often use
that term, we just call it intravenous
feeding whether it is given by central
or peripheral vein. We try to give
essential macronutrients intravenously.
Only about 5 % of the hospital popu
lation receives extensive intravenous
feeding. It is unnecessary for large
numbers of patients. With regard to
intravenous feedings of macronu
trients, in the United States there
seems to be three kinds of hospitals.
There are institutions that do not
use parenteral nutrition at all. They
are always trying to find somebody to
help them get started. Then there are
hospitals with the missionary ap
proach, where hundreds of patients
are maintained on these expensive and
slightly hazardous intravenous feed
ings. It’s like giving every single per
son in the country a turkey dinner
three times a day. And there is the
middle group of hospitals where intra
venous feeding is used with reasonable
restraint and common sense.
What are the indications? First,
starvation accompanied by its signs. All
weight loss is not malnutrition. Foot
ball players lose about 10 kg of weight
while getting ready for the season. In
spite of this they function pretty well.
The belief that merely losing some
weight imposes on the body a total
metabolic deficit has no basis in fact.
What do we mean by signs? We mean
signs about the mouth, tongue and
skin, a decrease in serum albumin conConducted at the 1st annual meeting of
the Canadian Association of
General Surgeons, Vancouver, BC,
Jan. 25, 1978
*Elliott Carr Cutler professor of
surgery, Department of surgery,
Harvard Medical School, Boston, MA
Reprint requests to: Editorial office,
Canadian Journal of Surgery, PO Box
8650, Ottawa, Ont. K1G 0G8
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centration, evidence of a functional
deficit such as loss of muscular vigour
and “drive”, and problems in wound
healing, skin resurfacing and fracture
healing. We do not believe that
just plain weight loss is an indication
for parenteral nutrition. So we say
“weight loss plus signs”, plus perhaps
weight loss due to certain diseases of
which carcinoma of the gastrointestinal
tract is the most serious.
The second indication is inability
to take enteral nutrition. Don’t forget
nasogastric tube feeding, gastrostomy
feeding and even jej unostomy feeding.
High small-bowel fistulas can some
times be managed by sneaking in a
tube and feeding below the fistula. The
idea that all these patients must have
expensive, fancy, parenteral nutrition
is without basis. One should consider
the problems concerned in each patient
and sort them out; then it will be found
that only a few will need intravenous
nutrition.
Now a patient how has had no weight
loss, if he cannot receive enteral nu
trition may still need parenteral nutri
tion. Such a patient is one who has
sustained a bullet wound of the small
bowel, the vena cava, the head of the
pancreas, or the aorta, or has under
gone a very extensive operation. His
body cell mass may be perfectly nor
mal, but he should be on parenteral
nutrition because of the high mor
bidity and mortality associated with the
injury and because of the often pro
longed ileus. Within a week, if all goes
well, parenteral nutrition can be dis
continued. We use parenteral nutrition
extensively when there has been major
trauma, sepsis, or burns. Parenteral
nutrition is also important for the pa
tient with a small-bowel fistula and
with certain diseases in which defunc
tioning of the gastrointestinal tract is
desirable, such as Crohn’s disease and
ulcerative colitis. Finally, on our med
ical service TPN is indicated in pa
tients with certain diseases of the cen
tral nervous system (CNS) such as
myasthenia gravis and early paralytic
strokes.
Question: What are the contraindica
tions to parenteral nutrition?
Dr. Moore: First, just plain weight loss
of 4.5 to 7 kg incidental to dieting or

a change in eating habits. We don’t
believe that this constitutes a nutri
tional crisis. We don’t use it following
uncomplicated elective surgery or
trauma. Recovery from surgery is good
without it. One need not interfere with
the patient by giving him all that
solute.
We do not use parenteral nutrition
for patients with short-term starvation.
We do not start a patient on paren
teral nutrition if the outlook is hope
less. To administer it to somebody
with widespread cancer who has had
extensive chemotherapy is a misuse of
medical mercy. We believe that paren
teral nutrition should be started on the
patient with late cancer or serious
CNS disease, but only if the physician
in charge believes that TPN will “buy
time” for some new treatment.
We are also greatly concerned about
the dangers of overalimentation. The
enzyme systems are designed to take
nourishment at a certain rate and they
can be overcrowded. If you run gaso
line into a tank faster than the auto
mobile can possibly use it the result is
that the gasoline just overflows. You
can do the same thing with fat, amino
acids, or dextrose. If 3800 mL is good,
4000 mL is not necessarily better.
Do not forget that if a patient is
losing 15 g of nitrogen in the urine
and you give him 15 g of nitrogen by
vein, you cannot assume that he is
in zero nitrogen balance. This depends
upon the status of the endocrine sys
tem and how the body is using the
nitrogen provided.
Finally, there is a borderline group
of patients for whom we do not really
know what we should do. We have
used TPN in patients with early renal
failure with some good results. We
have also been surprised by some good
but not spectacular results in patients
with hepatic failure. A trial of paren
teral nutrition for patients receiving
chemotherapy is currently being car
ried out at the M.D. Anderson Hos
pital in Houston, Texas and let’s hope
that it works out well. Cancer chemo
therapy is very enterotoxic so maybe
the idea is a good one.
Question: What is the importance of
the calorie/nitrogen ratio?
Dr. Moore: With “dry” starvation
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(starvation in the absence of fever,
sepsis, or acute illness), energy uptake
of 100 to 125 Cal/g (419 to 524 kJ/g)
of nitrogen intake is required. It is as
if the starving patient is “thirsty” for
nitrogen precursors and can use them
better. The rate of gluconeogenesis
from either endogenous or exogenous
protein is less. This may explain the
good results that many workers have
reported from the infusion of amino
acids only when the calorie/nitrogen
ratio is very low. It is, however, an inef
ficient form of nutrition as most of
the amino acids are burned to form
glucose. But in acute trauma, sepsis,
or acute burns, Dr. Kinney in New
York and also our own group have
found that a calorie/nitrogen ratio
that provides around 300 Cal/g (1257
kJ/g) is required. It is as if stress,
due to whatever cause, increased the
demand for nonprotein calories to sup
port the synthesis of peptide bonds in
protein.
Question: What is the bearing on the
patient’s ultimate survival of the Nae/
Ke (total exchangeable sodium/total
exchangeable potassium) ratio?
Dr. Shizgal: This is an excellent ques
tion but at present we do not have the
data to answer it. A patient’s ultimate
outcome depends on many factors, only
one of which is nutritional status.
Survival is a measurement with a large
standard deviation, that is, the vari
ance is large. To answer this question
would therefore require study of a large
number of patients.
Dr. Moore: I agree that this is an
important and burning question but
not an easy one to solve. The data
obtained from patients with intestinal
fistula may offer a partial answer.
When I was an intern these patients
with intestinal fistula had a terrible
time. Intravenous feeding has changed
all that. I think that one of the things
that is happening is that respiratory
vigour is maintained.
Dr. Shizgal: Don’t you think that TPN
prevents the patient with an intestinal
fistula from starving to death?
Dr. Moore: Well, I don’t know. What
is death from starvation? The elegant
study done in such tragic circum
stances by the Jewish physicians in
the Warsaw ghetto indicated that
people apparently dying of starva
tion died of what the pathologists
found to be pneumonia. Pneumonia
developed because they couldn’t take
a deep breath and couldn’t cough be
cause their intercostal muscles and
diaphragm had decreased in size.
Question: Does improving nutritional
status improve the patient’s ability to
deal with infection?
Dr. Shizgal: There is evidence, espe
cially in experimental studies, of a re
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lationship between immunocompetence
and nutritional status. In the labora
tory animal there is a loss of immuno
competence when malnutrition devel
ops secondary to starvation. By refeed
ing the malnutrition is corrected and
immunocompetence returns. We have
recently demonstrated a somewhat
similar relationship in a group of pa
tients. We found good correlation be
tween the presence or absence of the
anergic state and nutritional status, as
quantitated by measurements of body
composition. However, we do not know
if preventing loss of body cell mass
following major surgery will signifi
cantly influence resistance to infec
tion. In a recent study we showed that
the infusion of amino acids, peripher
ally, prevented the postoperative loss
of body cell mass. What we do not
know and what is extremely difficult
to prove is whether this has any effect
on postoperative morbidity and mor
tality.
Dr. Moore: I think it’s a good ques
tion and it should continually be asked.
My own opinion is that transient
weight loss after trauma can be toler
ated by the organism. It is one of the
survival mechanisms that produces
glucose for the brain and there is no
particular point in obstructing it. But
when is the breaking point? Well, we
can say it is 5 to 7 days. After that
you should provide nourishment.
Question: Will the protein-sparing ef
fect of intravenous amino acids allow
the patient to go back to work sooner
following surgery?
Dr. Moore: No, I do not know of any
evidence supporting that possibility.
We all send patients back to work in
creasingly earlier with less disability.
Early ambulation, avoidance of infec
tion and good surgical technique, are
all just as important. I might emphasize
that body protein should not be equated
with the body cell mass. As we showed
years ago, about half the protein in
the body is extracellular, as the col
lagen and elastin of connective tissue,
including the healing wound. The en
tire osteomatrix of bone is protein.
Since this protein is extracellular we
have called it extruded protein and we
are having a very interesting time
comparing nitrogen balance with
changes in body cell mass. An extruded
protein must first go through a cell
because all protein is a product of
cells. But once extruded it no longer
exists with potassium. That is true of
all extracellular proteins and all wound
healing proteins. In the future we shall
be giving more and more attention to
what kind of protein the body needs,
and where it will reside. As already
mentioned, only approximately half
of it remains inside the body cells.
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Symposium on Trauma for the General Surgeon
1. An Accident Health Care Program: The Organization
and Development of Regional Trauma Units
C.M. B u rn s ,

Fifteen thousand deaths, 3 million
hospital bed-days and billions of dollars
per year are the cost of dealing with
accidents in Canada. Our present
methods of caring for the seriously
injured need revision. The available data
on accidents, although extensive, are
not sufficiently complete to allow clear
definition of the Canadian accident
profile. We are unable to explain why
Canadians are subject to a 25% greater
risk of motor vehicle accidents than
are Americans.
The development of a Canadian
accident health care delivery and
audit system is proposed that
would provide an improved standard
of health care and supply a data base
for the advancement of effective pro
grams for accident prevention. The
system would include radio-equipped
ambulance stations strategically
located between regional trauma units,
which would be equipped to care for
the majority of injured patients. Those
severely injured patients who could
not be handled by the regional trauma
units would be transferred to com
prehensive trauma units established
in the major referral centres. A trauma
registry set up in every province would
collect data on each patient and
accident to provide an accurate provin
cial accident profile and a national
trauma institute would correlate
provincial data.
Quinze mille morts, 3 millions de
jours-lits d'hospitalisation et des
milliards de dollars par annee, tel est
le cout des accidents au Canada. Nos
methodes actuelles de soins pour les
blesses graves ont besoin d'etre revisees. Les donnees actuelles sur les
accidents, bien que considerables, ne

m d , f r c s [c ]

sont pas suffisamment completes pour
degager une definition claire du profil
canadien des accidents. Nous sommes
incapables d'expliquer pourquoi les
Canadiens sont sujets a un risque
d’accident routier 25% plus grand que
celui des Americains.
Une proposition est faite en vue
du developpement d’un systeme
canadien de soins et de verifications
en cas d’accident, qui assurerait des
normes ameliorees de soins de sante
et fournirait une banque de donnees
destinee a I’avancement de programmes
efficaces de prevention des accidents.
Ce systeme comprendrait des postes
d'ambulances munies de radios et
situes strategiquement entre des unites
regionales de soins aux traumatises,
qui seraient equipees pour s ’occuper
de la majorite des patients blesses.
Les blesses graves qui ne pourraient
etre soignes dans les unites regionales
seraient transferes dans des unites
plus completes de soins aux trauma
tises, dans les principaux centres de
consultation. Un registre des traumatismes etabii dans chaque province
recueillerait les donnees pour chaque
patient et chaque accident, et donnerait
un profil provincial precis des accidents,
et un institut national des traumatismes
ferait la correlation des donnees
provinciates.
Accidents constitute one of Canada's
major health care problems. Surpris
ingly little effort has been directed to
improving the provision of health care
for accident victims, and to preven
tion of and to research into accidents
despite the magnitude of the problem.
Data from Statistics Canada1 record

15 000 deaths due to accidents in this
country each year. Of this num ber
5000 to 7000 are motor vehicle acci
dents and about 600 result from acts
of criminal violence (a 19% increase
from 1970 to 1975).2 All accidents ac
count for 3 100 000 hospital bed-days
per year at an estimated annual in-hospital cost of $620 million ($200/d).
The additional losses in income pro
ductivity, property damage and other
losses are unknown but m ust am ount
to many times this figure (estimated
at $2 billion/yr).3
Fifty percent of deaths from m otor
vehicle accidents occur in persons aged
14 to 35 years.4 In this age group such
accidents are the leading cause of
death. The disruption of the family
unit, financial deprivation, com pensa
tion and legal costs, and loss of pro
ductivity are frequently perm anently
crippling to our young adult popula
tion.
Since in Canada 6000 of the total
population of 23 million people die
each year from motor vehicle acci
dents, while in the United States the
figure is 45 000 of 213 million peo
ple, a Canadian has about a 25%
greater chance of death from this
cause than an American. If we had
the data to identify the reasons for this
higher risk to Canadians, it is not
unreasonable to assume that we could
significantly reduce the mortality and
morbidity from motor vehicle acci
dents. It is obvious that we are not
using data already available to stim u
late further research into the develop
ment of effective preventive program s
and health care systems.
Table I shows the deaths from m otor

Table 1 R e latio n of Motor V e h icle A ccidents
to O ther C a u se s of Death

From the department of surgery,
University of Manitoba, Winnipeg, Man.
Presented at the 1st annual meeting of
the Canadian Association of General
Surgeons, Vancouver, BC, fan. 28, 1978
Reprint requests to: Dr. C M. Burns,
Department of surgery, University of
Manitoba, Health Sciences Centre, 700
William Ave., Winnipeg, Man. R3E 0Z3

Cause of death
Motor vehicle accident
Ischem ic heart disease
A ll other accidents
Respiratory d isease and lung cancer
Su icid e

Y e a rs of life lost*
213 000
193 000
179 000
140 000
69 000

D eaths
6
48
6
15
2

290
000
300
600
559

•Based on life expectancy of 70 years.
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vehicle accidents in perspective that
more realistically portrays the prob
lem than do mortality statistics. Motor
vehicle accidents result in the loss
of more years of life than any other
of the causes listed.1 Only patients with
cardiovascular disease place more de
mands on hospital beds.
The medical profession has a clear
responsibility to encourage and par
ticipate in the development of accident
prevention and research, and to develop
health care systems that will improve
the standard of care of the seriously
injured.
The Current Accident Health
Care System

Prehospital Phase
Our accident retrieval system has
improved considerably over the last
10 to 15 years. Important advances
have been made in vehicle design, com
munication systems, support systems
and attendant training. Unfortunately
these improvements are most likely to
be encountered only in areas close
to large medical centres and the ve
hicles are usually dispatched from
these centres. Studies should be con
ducted to identify accident-prone areas
so that ambulance stations may be
strategically placed in relation to the
trauma centre and the hospital they
serve.
The time from injury to death as
recorded in Table II6"7 demonstrates
the importance of delivering the
severely injured person to a centre
where adequate resuscitation is avail
able, since approximately 50% of vic
tims die in the first 24 hours. Radioequipped ambulance units that can ac
commodate several patients should be
strategically stationed between resusci
tation centres to shorten the retrieval
time.
Training of attendants should be
advanced to the “paramedic” standard
as quickly as possible. Radio com
munication with the resuscitation cen
tre would permit remote direction of
initial care. The lessons learned in
recent military experience should be
used for the benefit of the civilian
population.
Hospital Phase
Emergency department and resusci
tation.—The case loads of emergency
departments vary greatly. The nature
of the community served and the train
ing and on-going experience of the
staff influence the capability of the
department. The majority of emergency
departments are designed to care for
the entire range of acute and casual
illness as well as accidents. Major
trauma constitutes a very small pro
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portion of the case load.8 Its manage
ment requires a high degree of spe
cialized expertise. Little benefit would
be derived from introducing a highly
trained and efficient ambulance re
trieval system if the seriously injured
were delivered to an institution where
it might take twice the retrieval time
to administer adequate medical care.
Table III summarizes data from re
liable studies5'7'3 that determined the
anatomic region of the major injury
responsible for death. Head and torso
injuries were the chief cause of death
(in 80% of cases). As ambulance re
trieval time is reduced more patients
sustaining severe life-threatening in
juries will survive to arrive in the
emergency department. Therefore, it
will become increasingly important to
develop a system of trauma units ca
pable of immediate response in order
to resuscitate and treat these patients
quickly and successfully.
In-hospital phase.—Just as the
emergency department receiving pa
tients suffering from serious injuries
should have immediate diagnostic and
resuscitative capacity, similarly the
hospital service should be organized to
supply immediate sophisticated atten
tion which means that operating room
facilities, laboratory and radiology
services should be available 24 hours a
day.
An analysis of the mortality from
motor vehicle accidents for the state
of California revealed that the rate per
100 000 people was 17 for urban
counties and 46 for rural counties.10
The severity of injuries was similar in
both types of county. Analysis of the
frequency of error in diagnosis and
treatment showed it to be greatest in
the rural hospitals, less in urban hos
pitals and least in teaching hospitals.

Similar provincial studies should be
conducted in Canada. Regional reports
indicate that the Canadian experience
would parallel that of the United
States.
Efficient, well-trained ambulance
services with radio communication to
trauma centres and vehicles that would
travel at 90 km /h could deliver seri
ously injured accident victims to pre
warned regional trauma centres in less
than 1 hour from time of injury. There
are few regions in Canada where medi
cal centres in which surgical expertise
is available are much further than 180
km apart. Such centres could manage
the initial resuscitation and treatment
of the majority of injured patients.
About 15% of patients might require
referral to specialized comprehensive
trauma centres. Such patients could be
transferred following stabilization and
initial treatment with much less risk
than is incurred at present.
Comprehensive Trauma Units

Major referral centres should have
trauma systems organized to provide
rapid investigation and treatment in
subspecialty areas as well as in trauma
tology. These units would function both
as a regional primary treatment centre
and a secondary referral centre for the
long-term treatment of the patient with
severe injuries to more than one body
system. Avoidance of unnecessary
duplication and concentration of ex
perience should promote efficiency and
expertise. Direct communication with
the regional units would allow early
remote participation in resuscitation
and management.
Provincial Trauma Registry

All cases of multisystem trauma
dealt with by each regional or com-

Table II— Period of Tim e between In ju ry and Death
Tim e, h*
Study

<1

S e v itt5 (all deaths)
P erry and M cC lellan6 (survived impact)
Frey, Huelke and Gikas7 (all deaths)

24
10
62

1-24

>24

29
42
—

47
48
38

‘ Figures are percentages.

Table I I I — Site of M ajor Injury Causing Death*

Site of injury
Head
Chest, abdomen, pelvis
Spine and limbs
O ther

Ontario,
1966-19709

Perry and
McClellan6

48
37
10
5

46
30
13
11

Sevitt5
53
35
6
6

‘ Figures are percentages.
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prehensive trauma unit would be iden
tified by a code number for the patient
and a code number for the accident.
An accurate description of injuries,
treatment, complications and final re
sult would be recorded on a standard
audit sheet. Each case would be as
signed an “injury severity score”
(ISS).11 The audit sheet would be de
signed for computer input and the
sampling could be projected to give
a reasonably accurate provincial acci
dent profile. The standard of care in
each unit could be analysed to deter
mine areas of treatment that could be
improved.
Treatment policies based on statis
tical data could be used to improve
the standard of care. At the Health
Sciences Centre in Winnipeg review
of our audit disclosed several areas in
which new policies were introduced
that resulted in improved care. For ex
ample, peritoneal lavage proved far
more accurate in detecting hidden in
ternal injury than four-quadrant aspira
tion. We developed guides to a better
understanding of when and for how
long to use intercostal blocks, epidural
blocks, endotracheal intubation and
tracheostomy in the management of
chest trauma. We have adopted much
more aggressive policies at the early
primary procedure in cases of multi
system injury. The registry and ISS
permit a more accurate comparison of
results of treatment in one hospital
with those in another and provide a
statistical base to aid in establishing
policies of referral. Reports in the
medical literature concerning the re
sults of treatment are meaningless un
less there is an accurate means of in
dicating the severity of injuries being
reported.
A further audit of each accident
identified by the code number should
ue recorded to correlate information
from other disciplines. Data from the
police, auto and hospital insurance
agencies and vehicle and highway en
gineers could be studied to devise efADVANCE W ARNING

fective preventive measures. Without
such data it is impossible to ascertain
truly the benefit of preventive pro
grams. Much of the information is al
ready collected and merely requires
refinement and correlation.
National Trauma Institute

A national trauma institute should
be formed to correlate the data col
lected in the provincial registries from
the various disciplines. The institute
would be in a position to promote pre
ventive programs and stimulate research
into major problems in the biomech
anical, societal and clinical fields.
A national accident program should
embrace interrelated regional and com
prehensive trauma units because of
their role in the actual delivery of health
care, as well as provincial registries
and a national institute for their im
portance in developing a sound data
base.
Proposed Manitoba Accident
Health Care Program

Fig. 1 depicts the organization of
the comprehensive trauma unit at the
Health Sciences Centre in Winnipeg
that has been developed over the past
10 years. Three general surgeons with
their house staff and ancillary hospital
facilities provide 24-hour coverage
every day of the year on an immediateresponse basis. There is seldom any
delay in treatment or investigation.
Multidisciplinary surgical procedures
may be carried out simultaneously or
in sequence. The primary management
of each case is the responsibility of
the trauma unit until recovery pro
gresses to the point where injury af
fecting a single system remains. The
patient is then transferred to that serv
ice.
The unit has a designated surgical
intensive care area and a trauma ward.
Our nurses have had experience in in
tensive care and multisystem injuries
which tends to diminish the interface
between the intensive care unit and the

average surgical ward. This standard of
care is important to ensure that the pa
tient with multisystem injuries obtains
the standard of care his complicated
management demands.
In a teaching institution a trauma
service is an excellent base for provid
ing concentrated experience and teach
ing from the student to the resident
level. Continuing education and an
cillary education programs are easily
developed.
Research, both basic and applied,
has been furthered by our program.
The Manitoba accident and traffic re
search program in biomechanical stud
ies has been established under the direc
tion of Dr. William Mulligan. Our au
dit of patients with multiple injuries
includes the detailed records of over
1200 patients in whom the mortality
was only 5%. In 1977, 2900 accident
admissions requiring 39 000 hospital
days were recorded (unpublished data.
1977). Two hundred patients were
treated on the trauma service because
of multisystem injuries.
A number of regional trauma units
are proposed in the province of Mani
toba. Initially a pilot project of strate
gically located regional trauma units
will be undertaken, with the unit at the
Health Sciences Centre acting as the
comprehensive trauma unit. A provin
cial registry will be instituted for
recording accident victim data and
mode, and environmental data for
computer analysis and correlation. By
determining the representative size of
this sample, the accident profile for the
province can be estimated. The value
of the program, the need for expansion
and the value of discovering the areas
in greatest need of preventive measures
will be more clearly defined. Our ex
perience may serve to guide the estab
lishment of similar and standardized
programs in the other provinces. It
would then be practical and relatively
simple to develop a national trauma
institute.
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2. The General Surgeon in the Management
of Patients with Multisystem Trauma
in a Community Hospital
J a m es F. R oss , m d , fr c s [c ]

The general surgeon in a community
hospital must assume the role of
leader of the trauma team in managing
patients with multisystem trauma.
Initial resuscitative measures must be
instituted to assure cardiopulmonary
stability. Following this a complete
assessment of the various body sys
tems must be undertaken. The general
surgeon will then be in a position to
decide whether definitive treatment in
the community hospital is possible
or whether transfer is required. The
basic resources of such a hospital
in terms of medical expertise, support
staff, laboratory and radiology
facilities are all important considera
tions in making this decision. Most
individuals with multisystem trauma
can be managed in the community
hospital.
Le chirurgien general d’un hopital
communautaire doit assumer le role
de meneur au sein d'une equipe
s'occupant du traitement des patients
souffrant de traumatismes multisystemes. Des mesures initiates de
reanimation doivent etre mises en
oeuvre pour assurer une stability
cardiopulmonaire. Ensuite, une evaluation
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complete de tous les systemes doit
etre entreprise. Le chirurgien general
sera alors a meme de decider si le
traitement final est possible dans
I'hopital communautaire ou si le
transfert est necessaire. Les ressources essentielles de I'hopital
communautaire en termes d'expertise
medicale, de personnel de soutien,
d'installations de laboratoire et de
radiologie sont tous des elements importants de cette decision. La plupart
des sujets souffrant de traumatismes
multisystemes peut etre traitee dans
un hopital communautaire.

and a well-equipped emergency room
and cast room. In 1976, 454 patients
were admitted for treatment of in
juries received in accidents. Of these
patients, 76 had been involved in
motor vehicle accidents and 128 had
had accidental falls. The remaining
250 had had various other types of
accident.
The management of patients with
trauma to several body systems includes
initial resuscitation, complete assess
ment and, finally, definitive treatment.

The general surgeon practising in a
community hospital is often called
upon to treat patients with trauma to
more than one body system. As the
leader of the trauma team, he coor
dinates the contributions of numerous
individuals to the care of the patient
and establishes the priorities and the
direction of continuing care.
The Portage la Prairie Hospital is
a community hospital approximately
100 km west of Winnipeg on the
Trans Canada Highway. The popula
tion of Portage la Prairie is approxi
mately 13 000 and of the drawing area
between 25 000 and 30 000. The hos
pital is staffed by nine general practi
tioners and two general surgeons. The
surgical facilities include a 30-bed sur
gical ward, a 4-bed intensive care unit
which is available for surgical use,
two well-equipped operating theatres

The initial resuscitation of the pa
tient includes the ABC of trauma —
airway, breathing and circulation. It
should be emphasized that any un
conscious patient must be treated as
though a cervical spine fracture were
present until this condition is excluded.

Initial Resuscitation

A irway

It is imperative to establish an oral
airway by removing any foreign bodies
or suctioning secretions as required. If
necessary, an oropharyngeal airway
should be inserted.
Breathing

The patient’s breathing pattern can
be quickly assessed. Oxygen should be
administered to all these injured per
sons and ventilation assisted with an
Anrbu bag as required. In most in
stances this will suffice for the short
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term. Laryngeal or tracheal injury,
signs of surgical emphysema at the
base of the neck, or upper airway stridor
must be recognized and treated by
intubation and clearing of the airway
without delay. An obvious penetrating
injury to the chest wall should be cov
ered immediately. Pneumothorax and
hemopneumothorax should be looked
for carefully. If one suspects the pres
ence of either condition a needle
should be inserted into the pleural
space. If one’s suspicions are con
firmed a chest tube should be intro
duced. In some instances endotracheal
intubation will be required to facilitate
continued assisted ventilation.

intestinal tract is extremely important
since it is often the source of con
cealed blood loss. In equivocal cases
a peritoneal tap and lavage should be
performed. A Levin tube should be
inserted to help prevent pulmonary
aspiration and the acute gastric dila
tation and small-bowel ileus that may
follow injury.
Excretory System
In most instances a Foley catheter
will have been introduced to monitor
the urine output. The urine should be
examined for blood and if it is present
intravenous pyelography and cysto
graphy should be performed. If there
is blood at the external urethral meatus
or if one cannot pass the Foley
catheter a urethrogram should be ob
tained to determine the continuity of
the urethra.

Circulation
Obvious external blood loss should
be arrested and this is best done by
direct pressure over the bleeding site.
Administration of fluid should be ini
Musculoskeletal System
tiated, either with Ringer’s lactate or
A careful search should be made for
normal saline solution given through
a short, large-bore catheter at a rapid fractures. Roentgenograms are not re
rate, and blood may be drawn for quired initially to make the diagnosis
grouping, matching and any other per of a fracture. They should only be ob
tinent laboratory studies that may be tained later when it is considered safe
indicated. Very occasionally it may be to do so. It is important, however, that
necessary to give group O Rh-negative fractures be splinted immediately to
blood during the initial resuscitation prevent further blood loss and tissue
process. The best indices of the ade damage and to reduce pain. The neuro
quacy of blood-volume replacement vascular status of the limb distal to
are the patient’s vital signs and the the fracture site must also be assessed
urinary output as collected by a Foley carefully and any deficiencies managed
catheter. Failure of the cardiovascular accordingly.
A systematic approach to the resusci
system to respond to what is consid
ered an adequate volume of fluid re tation and assessment of patients
placement should suggest that there is will allow the surgeon to make
continued concealed hemorrhage into a diagnosis in most instances and to
either the abdominal cavity or chest decide whether the patient requires
cavity, or at fracture sites, and, al immediate surgery for a life-threaten
though it rarely occurs, cardiac tam ing condition or whether further labo
ratory and roentgenographic studies
ponade is a possibility.
are warranted or are safe. Should the
Assessment
latter course be chosen the surgeon
Following the initial resuscitation a should accompany the patient to the
complete assessment of the patient roentgenography suite. From there the
must be undertaken. This will include patient may be transferred to another
a more detailed examination of the area of the hospital for further con
pulmonary and cardiovascular systems tinued observation, or for definitive
as already mentioned. In addition one surgery.
must direct attention to the following
Definitive Treatment
systems: neurologic, digestive, excre
Although the general surgeon in a
tory and musculoskeletal.
community hospital must be able to
Neurologic System
initiate resuscitation and clinically assess
Here the most important observa traumatized patients, in the area of
tion is the patient’s level of conscious definitive treatment he may experience
ness. This should be stated in terms his limitations. In order to undertake
that are meaningful such as the pa definitive treatment a general surgeon
tient’s orientation, response to verbal must consider the basic resources of
commands, response to painful stimuli his hospital and be able to integrate
and so on. The pupillary signs, re them all so as to offer the patient op
flexes, limb movements and sensory timal care.
The surgeon’s own capabilities and
perceptions are of lesser importance.
those of the support staff are important.
Digestive System
Each individual has different inherent
A thorough evaluation of the gastro- abilities, training and experience. It is

most important that the surgeon recog
nize his own limitations. In a case of
life-threatening injury the surgeon must
often perform definitive life-saving
procedures that would not be consi
dered in elective or nonemergency
cases. The real danger lies in going
beyond one’s own limits in nonemer
gency cases. In this regard reviewing
one’s own experience is the best means
of estimating surgical capability. Sur
gical residents who plan to work in a
community hospital should have extra
training in the surgical subspecialties,
particularly orthopedic and plastic sur
gery.
The capability of the medical sup
port staff is also extremely important.
The presence of surgical subspecialists
in a community hospital greatly extends
the hospital’s ability to manage more
complex cases. Anesthesia is also ex
tremely important. In many instances
the anesthetics are administered by gen
eral practitioners. Although there are
no restrictions for emergency cases,
often local regulations prohibit these
physicians from administering anes
thesia for semiurgent or elective cases.
The availability of medical consulta
tion is particularly important for many
of the medical complications that may
arise.
The physical support facilities of the
hospital itself must be carefully con
sidered. This includes the nursing care,
radiology and laboratory facilities as
well as other technical services that
may be available. They play an im
portant role in the pre-, intra-, and,
particularly, in the postoperative care
of the patient.
Another factor to be taken into
account is the proximity of the com
munity hospital to a more sophisticated
centre to which the patient may re
quire transfer for more definitive
investigation or treatment. It is empha
sized that the patient should not be
transferred until it is safe to do so. The
community hospital that is a great dis
tance from a referral centre will be
required first to carry out additional
definitive procedures to ensure that
moving the patient will not be harmful.
If transfer is decided upon, close com
munication with the referral centre is
essential. In most instances the phy
sician should accompany the patient as
these persons are usually seriously ill.
Although all the points mentioned in
connection with initial resuscitation,
assessment and the basic resources of
the community hospital are important,
it is their integration and application to
each patient with trauma that are most
essential to the provision of optimal
care.
By means of an on-going assessment
of the case load and results of treat-
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ment one can properly analyse the
capabilities of a community hospital
and provide a statistical basis for de
fining the needs of the hospital in terms
of manpower and equipment. The
existence of a provincial or national

trauma registry would facilitate such
assessment and contribute both to the
education of the surgeon and the qual
ity of the patient care.
A well-organized 'plan of attack as
devised by the general surgeon and the

balancing of a community hospital’s re
sources against the individual patient’s
needs should result in the successful
management in a community hospital
of most persons with multisystem
trauma.

3. Abdominal Trauma with Special Reference to
Hepatic Trauma
J a m eel A li ,

m d , fr c s [c ]

Of 882 patients admitted over a 6-year
period to the adult trauma service at
the Health Sciences Centre in Winnipeg,
325 (37% ) suffered from abdominal
trauma; 241 (74%) sustained a blunt
injury and 84 (26%) a penetrating
wound.
Laparotomy is indicated when
there is evidence of intra-abdominal
hemorrhage, perforation of a viscus
or penetration of the peritoneum.
Peritoneal lavage is extremely useful
in the diagnosis of intra-abdominal
bleeding; it was used in 79 cases
among which were four false-positive
and two false-negative results.
Fifty-six cases of hepatic injury
w ere treated; 43 of these were caused
by blunt trauma. Temporary packing
and drainage sufficed as treatment in
many of these patients but the placing
of suture-ligatures at exposed bleeding
points is often called for. Resection
of hepatic tissue was required in 10
cases and ligation of the right hepatic
artery in 2. O f the seven deaths in
the series only one was attributed to the
liver injury itself.

fraient d’un traumatisme abdominal;
241 (74%) avaient subi un traumatisme
ferme et 84 (26% ) une blessure penetrante.
La laparotomie est indiquee en
presence de signes d’hemorragie
abdominale, de perforation d’un viscere
ou d’une penetration du peritoine. Le
lavage peritoneal est extremement
utile pour le diagnostic d’une hemorragie
intra-abdominale; cette technique a
ete utilisee dans 79 cas, parmi lesquels
il y a eu quatre faux resultats positifs
et deux faux negatifs.
Cinquante-six cas de blessure
hepatique ont ete traites; 43 d’entre
eux etaient causes par un traumatisme
ferme. Un paquetage temporaire et un
drainage ont suffi comme traitement
chez plusieurs de ces patients mais la
pose de sutures-ligatures aux points
d’hemorragie a souvent ete necessaire.
Une resection du tissu hepatique a
ete requise dans 10 cas et la ligature
de I’artere hepatique droite a ete faite
dans 2 cas. Sur les sept deces de cette
serie, un seul a ete attribue a la
lesion hepatique comme tel.

Au cours d’une periode de 6 ans, sur
882 patients hospitalises au service des
traumatises adultes du Health Sciences
Centre de Winnipeg, 325 (37% ) souf-

In a large proportion of patients with
multiple injuries trauma to the abdo
men is to be expected.1 Of 882 patients
admitted to the adult trauma service
at the Health Sciences Centre, Winni
peg between Jan. 1, 1971 and Dec. 31,
1976, 325 (37% ) sustained abdominal
injuries. Of these, 241 (74%) sustained
blunt trauma and 84 (26%) had pene
trating wounds. The ratio of blunt to
penetrating injuries varies in different
centres depending on the habits of
persons within that community. Since
in our area most of the injuries are
the result of motor vehicle accidents,
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the frequency of blunt abdominal
trauma is higher than in areas where
the so-called knife and gun clubs
operate. Approximately 7% of all pa
tients with abdominal trauma died, 19
of the 21 deaths being in the group
of blunt injuries.
The purpose of this presentation is
to review our approach to abdominal
trauma with particular reference to our
experience with hepatic injuries.
The minimum requirements for prop
er assessment of a patient with abdo
minal trauma are an adequate history
and physical examination, a complete
blood count, urinalysis and roentgeno
graphy of the abdomen, including films
taken in the upright position if possible.
In addition, blood samples are taken
for grouping and matching. At least
two large-bore intravenous lines are in
serted (one of which should be a cen
tral line) as well as a nasogastric tube
and urethral catheter. However, it
must be emphasized that repeated
physical examination by the same
physician remains the most important
method of assessment.
A major decision to be made in
these patients is whether or not laparo
tomy is necessary. Intra-abdominal
hemorrhage, perforation of a viscus or
penetration of the peritoneal cavity are
indications for exploration.
Intra-abdominal Hemorrhage

The patient who is hypovolemic, as
evidenced by vasoconstriction and
tachycardia, with or without hypoten
sion or oliguria, without an obvious
extra-abdominal source of hemorrhage,
should be considered a candidate
for laparotomy. Ideally these patients
should be prepared for operation by
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replenishing their circulating blood vol
ume. However, this may not always be
possible. When the patient’s hemody
namic state cannot be stabilized in spite
of rapid massive infusions, major con
tinuing intra-abdominal bleeding must
be assumed and the abdomen explored
in spite of the poor hemodynamic state.
Failure to adhere to this practice has
often resulted in the need for massive
blood transfusions with their attendant
complications and mortality. Early
surgery in these circumstances may be
the only means of assuring the patient’s
survival.
Perforation

Signs of perforation should be sought,
namely, tenderness, muscle guarding,
rigidity and the presence of free intraor retroperitoneal air.
One of the most deceptive types of
injury in terms of clinical presentation
is retroperitoneal perforation of the
duodenum. A useful sign of this condi-

tion is the presence of retroperitoneal
air on a plain roentgenogram of the
abdomen (Figs. 1 to 3).
Penetration

If we are able to demonstrate that
trauma has caused violation of the
peritoneum, laparotomy is always per
formed. Stab wounds are all explored
in the emergency department under
direct vision using local anesthesia
to verify the depth of penetration. In
most instances this requires extension
of the original wound. Patients with
gunshot wounds of the abdomen all
undergo laparotomy.
Our survey did not include patients
in whom exploration of the wound
failed to confirm penetration of the
abdominal wall; such patients were
discharged from the emergency depart
ment unless there was an associated
disease requiring admission. Thirtyseven of the 84 patients with penetrat
ing injuries suffered stab wounds and
penetration of the peritoneal cavity
was demonstrated, but in 5 of these
laparotomy disclosed no abnormality.
In all 47 patients with gunshot wounds
intra-abdominal injury was found at
laparotomy.
Frequency of Organ Involvement

The organs involved in patients with
abdominal trauma admitted to the
trauma service during the survey period
are shown in Table I.
In the patients who had sustained
penetrating trauma, bowel perforation
was the most common injury whereas
in those who suffered blunt trauma
hepatic and splenic injuries were most
common.

impossible to assess adequately the
pathologic state within the abdomen
by physical examination and plain ro
entgenograms alone. Angiography and
techniques using radioisotopes are em
ployed in our centre in cases of abdo
minal trauma only when the patient’s
condition is relatively stable and there
is uncertainty about such visceral in
juries as a subcapsular splenic hema
toma or intrahepatic hematoma.
Hematuria is an indication for in
travenous pyelography and cysto
graphy. When physical findings are
minimal, roentgenography of the ab
domen after administration of Gastrografin (Squibb) may be helpful in diag
nosing a perforated duodenum.
Physical findings may be equivocal
in the patient who has sustained serious
head trauma or in one who has abTable I— The R elative Frequency of Organ
Involvem ent in Patients w ith P en etratin g
and B lunt Abdominal Trauma Adm itted to
the Traum a Service, Health Sciences C entre,
W innipeg, between Jan. 1, 1971 and Dec. 31,
1976
Type of traum a
Organ
Stomach and duodenum
Bowel
Liver
Spleen
Pancreas
M esentery
Kidney
B ladder
Diaphragm

P en etrating B lu n t
4
41
12
7
4
16
7
2
8

5
34
40
59
12
35
23
28
3

Ancillary Investigation
FIG. 1—Retroperitoneal air outlines
right kidney in patient with retroperitoneal
perforation of duodenum.

In several instances it is virtually

FIG. 2—This roentgenogram was con
sidered nonspecific in patient with huge
retroperitoneal perforation of duodenum,
demonstrated in Fig. 3.

FIG. 3— Forceps points to large retro
peritoneal perforation of duodenum found
in patient whose roentgenogram is shown
in Fig. 2.

FIG. 4— Multiperforatcd stylocath with
extension tubing and metallic stylet.
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dominal pain and tenderness which may
be due to a fracture of the pelvis or
lower ribs. Interpretation of physical
findings may also be difficult when
there is obvious major blood loss from
an extra-abdominal source, such as a
femoral shaft fracture, but uncertainty
about concomitant intra-abdominal
hemorrhage. In these circumstances
we have resorted to peritoneal lavage
using the stylocath (Fig. 4).
The stylocath is introduced under
local anesthesia in the midline below
the umbilicus, care being taken that
the bladder is empty and after passing
a Foley catheter if necessary. Con
traindications to the insertion of the
stylocath are abdominal distension and
the presence of abdominal scars. After
the stylocath has been introduced suc
tion is applied and if blood is seen
the diagnosis is considered positive.
If no blood returns, 1000 mL of Ring
er’s lactate solution is infused into the
peritoneal cavity (Fig. 5). The patient is
rotated to allow adequate distribution
of the fluid and the intravenous bottle
is then lowered to the floor to allow
drainage by gravity. If gross blood is
found in the fluid return or enough
to prevent one from reading newsprint
through the fluid-filled tubing, signifi
cant intraperitoneal bleeding is diag
nosed. Moreover, findings of erythro
cytes over 0.1 x 1012/L or leukocytes
over 0.5 X 109/L or a gram-stained
smear suggesting intestinal organisms
or food particles are all indications for
laparotomy.2
Table II summarizes our results util
izing this technique of peritoneal lavage.

Both patients in whom a false-negative
result was obtained had rupture of the
spleen. Two of the four patients with
a false-positive result had a mesenteric
hematoma and the other two had a re
troperitoneal hematoma. Laparotomy
was performed in the false-negative
cases in spite of the interpretation of
the peritoneal lavage because clinical
findings suggested intraperitoneal hem
orrhage. These two cases emphasize

that ancillary investigations are no
substitute for thorough and accurate
clinical assessment.
The only complication of the peri
toneal lavage procedure itself was per
foration of the small bowel in one
patient. However, in this patient other
serious injuries were found at lapa
rotomy; the postoperative course was
quite smooth and there was no evidence
of intra-abdominal sepsis.
Hepatic Injuries

T a b le I I — R e s u lt s o f P e r it o n e a l L a v a g e in 79
o f t h e 32 5 P a t i e n t s
N o . o f la v a g e s
(a n d % )

R e s u lt
P o s it iv e
N e g a t iv e
F a ls e - p o s it iv e
F a ls e -n e g a tiv e

52
27
4
2

(6 5 .8 )
( 3 4 .2 )
( 5 .1 )
( 2 .5 )

From 15% to 37% of intra-abdomi
nal injuries involve the liver.3 In our
centre from Jan. 1, 1971 to Aug. 31,
1977, 56 hepatic injuries were diag
nosed, 43 of which were caused by
blunt trauma.
The reported mortality following
major liver trauma is 20% to 60%.4-6
Many of the deaths are due to severe

FIG. 6— Lin clamp. Serrations on clamp prevent slipping from liver edge. Curva
ture on tip facilitates placement on right or left side. Also shown are scissors and
crusher used by Dr. Lin.

FIG. 5— Stylocath introduced into peri
toneal cavity immediately below umbilicus
in midline. Extension tubing is connected
to container of fluid which is administered
into peritoneal cavity.
514

Fig. 7a

Fig. 7b

FIG. 7— (a) Progressive elevation of right hemidiaphragm resulting from inadequate
drainage of hepatic laceration, (b) Chest roentgenogram after surgical drainage of
hepatic laceration.

VOLUME 21, NO. 6, NO VEMBER 1978 / THE CANADIAN JOURNAL OF SURGERY

associated injuries, particularly of the
head and thorax. Blunt as opposed to
penetrating injury to the liver is asso
ciated with more profuse hemorrhage
and greater devitalization of tissue and
therefore carries a much higher mor
tality.4 When the liver injury causes
death it is usually secondary to hem
orrhage, sepsis, or formation of a fis
tula. The complications are more fre
quent when poor surgical technique is
practised, such as the use of deep
mattress sutures and packing of the
hepatic wound as definitive therapy.
Often the diagnosis of hepatic injury
is not made until laparotomy has been
performed, since the signs such as
shock, recovery of blood at peritoneal
tap, contusion over the lower chest
and upper abdomen, fractured lower
ribs, shoulder-tip pain and elevation
of the diaphragm are all nonspecific.
The objectives in cases of liver
trauma are: (a) to control hemor
rhage, (b) to remove nonviable tissue,
and (c) to provide adequate drainage.
Adequate exposure is of prime im
portance and the surgeon must not
hesitate to extend the midline abdomi
nal incision into the chest. The liver
itself should be mobilized by tran
section of the triangular ligaments as
well as the falciform ligament, care
being taken to secure the right inferior
phrenic artery.
Control of Hemorrhage
Often, once the blood in the peri
toneal cavity has been aspirated, a non
bleeding hepatic laceration is noted. No
attempt should be made to suture such
a laceration. It should be left undis
turbed and adequate drainage only
should be provided.
Initial control of hemorrhage is ob
tained by temporary packing for as
long as 20 minutes. This not only al-

controlled and a Penrose drain was
inserted. Postoperatively there was
minimal drainage associated with pro
gressive elevation of the right hemidiaphragm as shown on the chest ro
entgenogram. The patient was re-ex
plored 14 days later when over 2000
mL of bile-coloured fluid was drained
from the subphrenic space. A Davol
Abramson sump10 was introduced
which drained approximately 500 mL
of bile-stained fluid daily for approxi
mately 10 days. The volume of drain
age then slowly decreased and finally
the drains were removed (Fig. 7b).
(The Davol sump is an extremely
pliable catheter with a triple lumen
[Fig. 8] which carries a minimal risk
of erosion into adjacent viscera.)
During the postoperative period pa
tients require appropriate treatment
with antibiotics for sepsis, glucose in
fusions for hypoglycemia, plasma and
albumin for hypoalbuminemia until
the nutritional status is improved, and
Resection of Hepatic Tissue
treatment for coagulation defects with
Formal hepatic lobectomy is seldom vitamin K, fresh frozen plasma, plate
necessary and resection should be con lets when indicated and fresh blood if
fined to frankly devitalized tissue. We possible.
By using the various measures de
have found the Lin clamp (Fig. 6) to
be helpful in controlling hemorrhage scribed, we have obtained the results
during such resectional debridement.9 summarized in Table III.
Of the 56 patients admitted with
Several authors4,8 have claimed satis
factory control of hemorrhage during liver injuries during the survey period,
resection by manual compression while 21 required drainage alone and 21
the biliary radicals and blood vessels required suture-ligature. Debridement
or resection, or both, was performed
are secured.
in 10 patients and ligation of the right
Drainage
hepatic artery in 2. Two patients re
We prefer soft sump drains for liver quired postoperative drainage of sublacerations and use T-tube drainage phrenic fluid collections.
Of the seven deaths, only one was
only on rare occasions when there is
due
to the liver injury itself. This pa
central ductal injury in the presence of
tient was exsanguinated from severe
an enlarged common duct.
Fig. 7a demonstrates the complica bilobar crushing lacerations of the
tions that may arise from inadequate liver. One patient died of sepsis fol
drainage. After temporary packing of lowing perforation of the bowel and the
a stellate laceration of the right lobe other five died as a result of severe
of the liver, bleeding appeared to be associated head or thoracic injuries.

lows time for the patient’s hemodyna
mic state to stabilize, but often on re
moving the pack the bleeding will have
stopped and then only drainage of the
wound is necessary.
Several other techniques have been
described for the control of hemor
rhage, such as clamping the portal triad
(the Pringle maneuver) and the vari
ous intracaval shunts. Intracaval shunts
are indicated when there is uncontrol
lable retrohepatic bleeding from the
vena cava.7 They allow continued venous
drainage to the right side of the heart
while the vena caval laceration is re
paired. We have no experience with
these shunts. Mays8 has advocated liga
tion of the hepatic artery as the treat
ment of choice for bleeding that re
mains uncontrolled after simple meas
ures such as suture-ligature and tem
porary packing. We have performed
right hepatic artery ligation on two
occasions without untoward sequelae.

Table I I I — Results of Treatm ent of 56 Patients w ith Hepatic Injuries
Procedure

No. of patients

M o rtality

Cause of death

Drainage only

21
(1 subphrenic)

2
(m inor liv e r
in ju ry )

Sepsis from perforated
bowel in 1
Head in ju ry in 1

S uture-ligature

21
(1 subphrenic)

2

Cardiorespiratory and
renal fa ilu re in 1
Head in ju ry in 1

10

1

Severe bilobar laceration of
liv e r; died in operating
room

2

0

Debridement or
resection, or both

Ligation of hepatic artery
No surgery

2

2

—
In ju rie s to central nervous
system and chest in 1
R upture of right atriu m in 1

ing its pliability.
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4. Management of Critical Emergencies in
Chest Trauma
L. D ontigny ,

Critical emergency cases of chest
trauma are of three types: those caused
by blunt trauma, thoracoabdominal
injuries and penetrating injuries. The
author describes the management of
the most commonly encountered lesions
in each of these three categories. All
lesions resulting from chest trauma
should be considered as a critical
emergency until proven otherwise.

m d , frcs [c ]

fensive weapons of our modern society,
the most traumatic of which is the
steering wheel of the automobile.
Chest trauma can best be considered
as belonging to one of three categories:
blunt trauma, thoracoabdominal in
juries and penetrating injuries.
Blunt Trauma
Pneumothorax

Parmi les traumatismes thoraciques,
on peut distinguer trois types d’urgences
critiques: celles qui sont dues a des
traumatismes fermes, a des traumatismes
thoracoabdominaux, et a des trauma
tismes penetrantes. L’auteur decrit
la ligne de conduite a adopter dans le
traitement des lesions les plus
communes dans chacune de ces trois
categories. Jusqu’a preuve du contraire,
toutes lesions resultant d’un
traumatisme thoracique doit etre
consideree comme une urgence critique.

Thoracic injuries are directly or in
directly responsible for at least 50%
of accidental deaths.1 The bony struc
ture surrounding the thoracic cavity is
continually being assaulted by the ofPresented at the 1st annual meeting of
the Canadian Association of General
Surgeons, Vancouver, BC, Jan. 28, 1978
Reprint requests to: Dr. L. Dontigny,
Department of surgery, Hopital du
Sacre-Cocur, 5400 Gouin Bird. W,
Montreal, PQ H4J 1C5
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The frequency of pneumothorax is
second only to that of rib fractures;
the condition is often overlooked or
its extent underestimated. Here it is
essential to bring about total lung ex
pansion by providing adequate tube
drainage. The slightest degree of pneu
mothorax associated with multiple
trauma requires tube drainage of the
chest, best accomplished by means
of a no. 24 French tube (or larger if
fluid is suspected) inserted through the
fifth intercostal space in the midaxillary line and directed upwards. Some
times two or even three tubes will be
required. In the presence of a major
or persisting leak, bronchoscopy is in
dicated but adequate drainage must be
obtained first. If bronchoscopy reveals
a ruptured trachea or bronchus, thora
cotomy with primary repair is essential.
Hemothorax

Blood that has accumulated in the
chest cavity should be collected for
possible autotransfusion, particularly
if the amount is of an order (800 mL

or 200 mL/h) that constitutes an in
dication for thoracotomy. Chest drain
age bottles are now routinely filled
with normal saline and the blood col
lected can be readily transfused by
inverting the bottle and using a simple
blood transfusion set. Anticoagulants
are not required.2
Flail Chest and Pulmonary
Contusion

Double fracture of at least three
adjacent ribs will create a flail segment
in the chest wall and cause paradoxical
movement. It results always from
major trauma and is generally as
sociated with some degree of lung
contusion. Management of flail chest
is focused on the overall treatment of
respiratory failure rather than on the
chest wall itself. If the instability is
limited and the lung contusion is uni
lateral or minimal, management can
be conservative but requires close ob
servation and cooperation from the
patient, together with proper analgesia
and sedation. We do not use epidural
anesthesia but recommend the use of
an intercostal nerve block. Inspiratory
maneuvers, early mobilization in bed
and out of bed, clapping and aspiration
of secretions are also important fac
tors in the conservative treatment of
flail chest.
When flail chest is accompanied by
respiratory failure, the best manage
ment is supportive. Endotracheal in
tubation followed early by tracheo-
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tomy, particularly when hemoptysis is
present, is mandatory. Ventilation is
accomplished with a volume respira
tor and if the cardiopulmonary status
remains stable, usually within 24 or 48
hours, positive end-expiratory pressure
not exceeding 8 cm FLO can be added
if the oxygen requirement exceeds
60%. Fluid restriction is most impor
tant as well as the other conservative
measures mentioned. Antibiotics should
be given prophylactically but not corti
costeroids.
In doubtful situations and particular
ly if transfer of the patient is contem
plated, the flail chest is best managed
by endotracheal intubation without the
use of a respirator; this will keep the
glottis open and break the vicious cir
cle leading to respiratory failure by
diminishing airway resistance, respira
tory effort, chest-wall movements and
pain. The endotracheal tube will also
permit aspiration of secretions and
even respiratory support with an Ambu
bag if necessary.
Rupture of the Aorta or
Great Vessels
Rupture of the thoracic aorta or
great vessels is lethal and only 20%
of the patients with these injuries Will
reach the hospital alive. In most cases
the hematoma that forms at the site of
rupture will break within hours, days,
or weeks, leading to catastrophic bleed
ing. The frequency of the diagnosis
depends on the degree of suspicion and
the efforts made to confirm it.3 This
diagnosis is based essentially on the
precise mechanism of trauma, the clin
ical features, indirect roentgenographic
findings and associated injuries (Table

Table I— Essential Features of Aortic
Rupture
Mechanism of traum a
D eceleration:
horizontal (head on)
lateral (le ft side)
vertical (down fa ll)
D irect traum a:
low er chest
upper abdomen
Ejection:
in automobile
out of automobile
motorcycle
C linical picture
Interscapular pain
( « 30% )
Pseudocoarctation
( = 70%)
High blood pressure
( “ 30%)
Indirect radiologic findings
Enlarged mediastinum
( « 90% )
90% )
Loss of aortic knob
Lateral displacem ent of esophagus
(Levin tube)
Associated injuries
60%)
Extrem ity fracture
First and second rib fracture ( » 50%)
30%)
M ajor abdominal trauma
20%)
C raniofacial trauma

I). When reasonable suspicion is con
firmed and the patient’s condition is
stabilized, selective aortography is es
sential. Our standard surgical manage
ment is performance of a left post
erolateral thoracotomy, excision of the
fourth or fifth rib, use of a passive
heparinized shunt (Argyle Gott aneu
rysm shunt, Sherwood Medical Indus
tries, Inc., St. Louis, MO) from ascend
ing to descending aorta to provide
proximal decompression and distal per
fusion during cross-clamping of the
aorta.4 Repair is completed and all
preparations are made for autotrans
fusion should it be necessary.5
Cardiac Lesions
In cases of chest trauma the heart
is the most vulnerable organ and myo
cardial contusion is the most frequent
cardiac injury, being responsible not
only for arrythmias but also for a num
ber of low-output syndromes. If the
myocardium is intact the prognosis is
excellent.6 If there is cardiac rupture
the lesion is lethal and the great major
ity of patients will not reach the hos
pital alive. Only a few patients can be
rescued by early diagnosis and prompt
management. If the pericardium is in
tact, the collection of blood up to 200
mL will lead to tamponade; if there
is a tear in the pericardium the clinical
picture will be one of hypovolemia
associated with severe hemothorax.
Acute cardiac tamponade is dif
ficult to recognize in the traumatized
patient and diagnosis requires a high
degree of suspicion.7 Although it is in
frequent it should always be considered
in the presence of circulatory collapse
with a poor response to attempts at
resuscitation. If the condition is
suspected, a pericardial tap should be
performed using the subxyphoid ap
proach, preferably with the patient in
the semiprone position. A large-bore
needle (no. 14 or 16 French) should
be inserted at a 45° angle and directed
towards the left shoulder. If more than
100 mL of blood is withdrawn, or if
the tap has to be repeated, immediate
thoracotomy is required.
Thoracoabdominal Injuries

Ruptured Diaphragm
The only true anatomical thoracoab
dominal lesion is a ruptured diaphragm.
It is well known that the diagnosis can
be delayed, but in the acute phase
the clinical picture associated with
rupture of the right diaphragm is not
that of a true emergency because of
the sealing effect of the liver. On the
other hand rupture of the left dia
phragm should always be considered an
emergency because of possible stran
gulation of abdominal viscera and,

more important, because of the tam
ponade effect caused by compression of
the left lung and mediastinum by the
herniated abdominal contents; for this
reason, high intratracheal pressure is
to be avoided.
If ventilatory support is required, it
is preferably given manually, but if
it is given mechanically it should be
gentle, since increased intratracheal
pressure will lead to rapid deteriora
tion of the patient’s condition.8 In such
a situation a chest tube is of no help
and may even be hazardous, but naso
gastric aspiration is mandatory and
should be followed by prompt laparo
tomy and reduction of the hernia.
Torsotrauma
In most instances thoracoabdominal
injuries include lesions within the chest
and abdomen best referred to as torsotrauma.9 This condition is always dif
ficult to manage and each case should
be treated individually. Typical exam
ples are blunt trauma with active intra
abdominal bleeding and a ruptured
aorta, or penetrating injuries with he
mothorax and a positive abdominal
tap. Such cases are best managed by
team effort. No specific guidelines can
be laid down but a few principles
are emerging: (a) the chest should be
explored first since latent bleeding
there seems to kill more patients than
active but temporarily correctable bleed
ing in the abdomen; (b) separate in
cisions are preferable to avoid possible
contamination from soiled abdominal
contents; and (c) a sternal approach
should be limited because of possible
infection which constitutes a major
complication.
Penetrating Injuries

Our experience of penetrating inju
ries has been limited but the increasing
number of violent crimes is definitely
adding to the frequency of this type of
trauma. We are called upon to treat
very few stab wounds and see mostly
gunshot wounds from high-velocity
hunting weapons. The following exam
ples indicate our approach to the prob
lems involved: A small bullet from a
0.22 rifle fired from long range at high
velocity causes minimal damage to the
chest. When the bullet is located close
to vital structures we prefer to explore
and remove it. The same type of bullet
fired at high velocity from close range
will often perforate the chest causing
direct damage to vital structures. Our
indications for surgery are appreciable
hemothorax or cardiac wounds. The
latter are repaired primarily but lesions
of the lung often require some type of
resection. If the lesion is peripherally
located closure is effected by means of
a mechanical stapling device. When the
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lesion is central, complete lobectomy
is performed to obtain immediate con
trol of the air leak and bleeding and
to prevent the potential infection from
a residual hematoma. A large bullet
(30-30 rifle) fired at high velocity
from close range will bring about ex
tensive damage to vital structures and
also to the chest wall. After initial
drainage, thoracotomy is essential and
lung resection is virtually the rule. We
also insist on saving the blood from the
chest cavity, whether obtained at aspira
tion or during thoracotomy, for auto
transfusion.

5. D ontigny L, C ossette R, M ercier C,
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5. Management of Pancreatic Trauma
G eorge P. K onok ,

The treatment of pancreatic injuries
presents the surgeon with unusual
diagnostic and therapeutic challenges.
Errors in the initial management of
patients with injury to the pancreas
may lead to life-threatening com
plications.
The author suggests that only by
maintaining a constant clinical suspicion
of the presence of a pancreatic injury
and by performing an orderly exploration
of the pancreas when indicated can
costly delays in treatment be avoided.
A thoughtful approach to pancreatic
drainage and resection will ensure
optimal surgical care to the injured
patient.
Le traitem ent des lesions du pancreas
offre au chirurgien des defis inhabituels
de diagnostic et de therapie. Des
erreurs dans le traitement initial des
patients souffrant de lesions du
pancreas peuvent entrainer des complica
tions mettant la vie en danger.
L’auteur suggere que ce n'est qu'en
entretenant un doute clinique constant
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de la presence d'une lesion pancreatique et en effectuant un examen
methodique du pancreas lorsque c’est
indique, que des retards de traitement
coOteux pourront etre evites. Un abord
reflechi du drainage du pancreas et
la resection assureront des soins
chirurgicaux optimums pour le patient
blesse.

Since traumatic injuries to the pan
creas occur infrequently, a single sur
geon rarely has the opportunity to gain
extensive experience in their manage
ment. Moreover, surgeons, for the
most part, have tended to regard the
pancreas as awkwardly situated, too
fragile for secure handling and full of
corrosive enzymes which, when activ
ated and released in the course of sur
gical treatment, lead to extensive local
tissue necrosis and sepsis.
The purpose of this paper is to re
view the principles of treatment based
on opinions expressed in the current
surgical literature and on the collective
experience of surgeons working at a
regional trauma referral centre (Cen
tre Hospitalier Universitaire in Sher
brooke) during the period October
1969 to December 1976.
It has been reported1 that pancreatic
injuries occur in only 1% to 2% of all
abdominal injuries. This low frequency
can be explained by the well-protected
position of the pancreas in its retro

peritoneal recess and by the fact that
serious damage to this organ is fre
quently associated with injuries to the
surrounding major vessels, resulting in
death from exsanguination before the
patient reaches the operating room.
Since, in our geographic area, pene
trating injuries to the abdomen are in
frequent, most cases of pancreatic in
jury have occurred following blunt ab
dominal trauma. In these cases the
pancreas may be contused, lacerated,
or even completely torn across by being
crushed against the unyielding verteb
ral column.
Despite recent improvements in diag
nosis and treatment, mortality ranged
from 20% to 39% and serious mor
bidity from 25% to 75% in some re
cently published series.2’3 In simple
terms, the high mortality is due mainly
to the severity of the associated in
juries, while the even higher morbidity
usually can be attributed to the pan
creatic injury itself.
As there are few classic symptoms
and signs in the acute period indicative
of injury to the pancreas, the abdomen
is usually explored for suspected intraperitoneal hemorrhage or visceral per
foration. While we routinely check the
serum amylase concentration, elevated
values in the acutely injured patient,
in the absence of abdominal signs, do
not constitute an indication for per
forming an exploratory laparotomy.
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In his series, Olsen4 showed that
early elevations in the serum amylase
concentration usually arise from extrapancreatic sources and in about 10%
of the cases only do they represent in
jury to the pancreas, duodenum, or
small bowel. Hyperamylasemia that
persists beyond 24 hours should alert
the surgeon to the possibility of pan
creatic or small-bowel injury.
If an emergency laparotomy must be
performed in a patient with hyper
amylasemia the surgeon must carefully
explore the duodenopancreatic area and
the small bowel. However, if a patient
with a history of abdominal trauma and
hyperamylasemia is kept under obser
vation, we recommend that duodeno
graphy using Gastrografin (Squibb) be
done to rule out a serious duodenal
injury that otherwise could easily be
overlooked.
In treating blunt abdominal trauma,
it should be remembered that while
isolated serious pancreatic injuries are
not frequent they have been known to
remain clinically undetected for as long
as 5 days. Unfortunately, their pre
sence often is suggested only when
major complications develop. For this
reason, in the case of a suspected pan
creatic injury, a careful follow-up, pre
ferably by the same clinician, is man
datory.
When a laparotomy is performed and
injury to the pancreas is suspected, a
casual inspection of the pancreatic
area is clearly insufficient. To avoid
overlooking significant pancreatic and
duodenal injuries, the surgeon should
perform a systematic exploration of this
region. During this exploration, the
gastrocolic ligament is divided to allow
direct inspection of the entire pancreas.
The head of the gland is mobilized by
a Kocher maneuver and the area is
examined for the presence of bilestained fluid. The ligament of Treitz
is divided so that the distal part of the
duodenum may be examined thorough
ly. If necessary, the entire body and
tail of the gland should be mobilized to
allow direct inspection and palpation.
All hematomas in the pancreatic area
should be explored carefully.
The surgical approach is determined
by the location and extent of the lesion,
the presence of associated injuries and
the overall condition of the patient.
Devitalized tissue must be removed, the
integrity of the upper digestive tract
re-established and the leakage of exo
crine pancreatic secretions controlled by
adequate internal or external drainage.
The inadequate control of these sec
retions is the single most common
source of the delayed complications of
pancreatic trauma.
In most published series,2,3’5 external

pancreatic fistulas are the most com ive and inexpensive sump drains can
mon postoperative complication. Minor easily be prepared by placing a redfistulas usually close promptly. Even rubber catheter with multiple perfora
major fistulas have a benign evolution tions inside a large Penrose drain with
and the majority close spontaneously several side holes at its distal end. The
within 4 to 5 weeks. On the other hand, area of the lesser sac is notorious for
pancreatic abscesses and pseudocysts, the formation of loculated collections
should they develop, carry a 40% com of fluid and, for this reason, it is ad
plication rate and a 20% mortality.6 visable to drain the head of the pan
Complications caused by abscesses and creas and the distal portion of the gland
pseudocysts can usually be prevented with a separate set of sump drains.
by assuring adequate external drainage. These drains should be left in place for
We consider adequate drainage to be a minimum of 7 days, even if the drain
the use of soft sump drains emerging age is scanty or absent.
Although bleeding from the panthrough lateral flank incisions. Effect
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creatic area is rarely severe, it is fre
quently troublesome, often requiring a
painstaking search to find its source.
Bleeding points should be controlled by
direct sutures and suture—ligatures.
Blind placement of transfixing sutures
and indiscriminate clamping of pan
creatic tissue are to be condemned.
Most cases of so-called postoperative
hemorrhage are due to incomplete ini
tial hemostasis and not to the erosion of
blood vessels by activated pancreatic
enzymes. If, on exploration, a pan
creatic contusion with an intact cap
sule is found, the appropriate treatment
is external drainage of the injured area.
Lacerations in the pancreatic capsule
should be carefully repaired and the
area drained. Closure of the capsular
tear in some series®'7 has been shown to
reduce the incidence of external pan
creatic fistula by at least 40%.
Injuries involving deep pancreatic
tissue and major ducts require pancre
atic resection, or some form of internal
drainage, or both. Surgeons experienced
in the field of pancreatic trauma have
often emphasized complex operative
procedures aimed at saving as much
of the remaining pancreatic tissue as
possible.8 While such a function-saving
approach clearly has its merits, in the
hands of less experienced surgeons it
may be fraught with unnecessary com
plications. Partial pancreatic resection,
with the exception of pancreaticoduo
denectomy, is generally well tolerated
and safer than internal drainage. Exo
crine and endocrine pancreatic insuf
ficiency following resections of even
70% to 80% of the pancreas is rare.
Major injuries of the pancreas situ
ated to the left of the superior mesen
teric vessels can most easily be treated
by distal pancreatectomy and splenec
tomy. We believe that the potential
complications of a “Roux-en-Y” pancreaticojejunostomy in this situation
outweigh the advantages of conserving
all the pancreatic tissue.
Injuries to the head of the pancreas
are usually complex in nature and,
because they carry a high mortality and
morbidity, their proper management
requires surgical skill and mature judge
ment. In this situation, several alter
native types of management are usually
available to the surgeon, thus requi
ring that operative treatment be care
fully individualized.3
For well-localized injuries involving
a major duct in the head of the pan
creas, drainage of the area into a
Roux-en-Y limb of jejunum seems
to be the most appropriate treatment.
Before embarking on this procedure,
one must be absolutely sure that the
posterior pancreatic capsule is intact in
order to prevent the continuous leak
age of pancreatic juice into the retro520

pancreatic area. In the case of more
extensive injuries to the gland, the pan
creas is divided in the area of the in
jury and the distal segment is debrided
and drained into a jejunal Roux-en-Y
limb. The proximal segment should be
debrided and closed or resected, as in
a Child procedure, thus leaving only a
rim of pancreatic tissue on the medial
border of the duodenum.
When draining the injured pancreas
into the small bowel, the surgeon should
use a Roux-en-Y jejunal loop. An
astomosing the pancreas to a smallbowel loop in continuity incurs the risk
of disruption of the suture line leading
to an intestinal, as well as a pancreatic,
fistula.
To divert intestinal contents from the
pancreaticojejunal anastomosis, the ver
tical limb of the Roux-en-Y loop
should be at least 30 cm long.
Simple associated injuries of the duo
denum, when present, may be closed
primarily and if necessary the suture
line can be protected with a serosal
or omental patch. One must keep in
mind, however, that duodenal closures
heal poorly in the presence of activated
pancreatic enzymes. When the danger
of a lateral duodenal fistula developing
is great, a diverticularization proce
dure, defunctioning the entire pancrea
ticoduodenal complex, should be con
sidered.9’10 Diverticularization of the
duodenum includes a vagotomy, antrec
tomy with a gastrojejunostomy, a tube
duodenostomy and extensive external
drainage of the head of the pancreas.
If indicated, T-tube drainage of the
common duct may be included in the
above procedure.
When there is extensive disruption
of the head of the pancreas and of the
duodenum, a pancreaticoduodenectomy,
in competent hands, will give the best
short- and long-term results.11 If the
duodenal C-loop is not severely dam
aged, this procedure is almost never
indicated and an operation of lesser
magnitude, such as diverticularization
of the duodenum, should be selected.
One cannot emphasize strongly
enough that, regardless of the nature
of the definitive procedure performed,
the treatment of pancreatic injury
should always include generous sump
drainage of the area.
In our experience, injuries to the
duodenum and pancreas are often as
sociated with a prolonged duodenal
ileus. The routine use of a feeding
jejunostomy adds little to the operating
time, incurs minimal morbidity and can
greatly simplify the nutritional man
agement of the patient during a stormy
postoperative course.
When a pancreatic injury declares
itself by its complications, pancreatic
resection, no matter how tempting,

should be avoided. After the first few
days, tissues become fragile and
edematous and attempts at resection
may lead to severe hemorrhage. At this
stage, one should often be satisfied with
creating a controlled external pancreatic
fistula and delaying the definitive man
agement.
In summary, the early diagnosis of
pancreatic injuries depends on a high
degree of clinical suspicion. During
laparotomy, exploration of the pan
creas and duodenum for suspected in
jury should be thorough and orderly.
In managing these injuries, one should
select the simplest procedure that will
re-establish the integrity of the upper
gastrointestinal tract and control the
free escape of pancreatic juices into
the surrounding tissues.
Furthermore, potential pancreatic
fluid collections should be converted
into controlled external pancreatic fis
tulas by the use of generous sump
drainage.
We believe that by following these
simple treatment principles, the thought
ful surgeon will be able to manage suc
cessfully the occasional patient with
pancreatic injury he may be called
upon to treat.
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6. Management of Patients with Lung Contusion
R.A. H allgren,

Pulmonary contusion represents a
serious complication of chest trauma.
Its management should include adequate
oxygen therapy and ventilatory support.
Monitoring of the patient’s condition
should be by repeated measurement of
arterial blood gases; use of the SwanGanz catheter is seldom necessary.
Broad-spectrum antibiotics are generally
indicated but cortisone, cardiotonic
drugs and diuretics are not usually
required.
La contusion pulmonaire represente
une complication grave des traumatismes
thoraciques. Le traitement de cette
complication doit comprendre une
oxygenotherapie adequate et une
assistance ventilatoire. La surveillance
de I'etat du malade se fait par des
mesures iteratives de la gazometrie
arterielle; il est rarement necessaire
d'avoir recours au catheter de
Swan-Ganz. En general, I’antibiotherapie
a large spectre est indiquee, mais
I'emploi de cortisoniques, cardiotoniques
et diuretiques est inutile le plus souvent.

Pulmonary contusion, due to hemor
rhage into the lung tissue, pro
gresses to its maximum with respect
both to its histologic and clinical fea
tures by the second or third day after
injury. The diagnosis can be made from
the history and the presence of local
ized opacification on the initial chest
roentgenogram. Although the process
is dynamic, it is useful to grade the
degree of lung contusion as minor,
moderate, or severe according to the
initial roentgenographic findings. Its
management is often complicated by
aspiration of secretions, flail chest,
hemopneumothorax
and associated
nonthoracic injuries, as well as by the
later development of the adult respira
tory distress syndrome and superim
posed pneumonia.
Many aspects of the treatment of
lung contusion are controversial. Never
theless its management can be de
scribed under a number of headings.
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Oxygen Therapy

The treatment of minor or moderate
pulmonary contusion should be conser
vative, consisting of the judicial use of
analgesics and sedation to allow deep
breathing and coughing to clear sec
retions, further aided by vigorous chest
physiotherapy.1 Supplemental oxygen,
which should be administered by mask
or nasal prongs, should be high enough
to maintain the arterial oxygen pres
sure above 60 mm Hg.
Ventilatory Support

In cases of more extensive pulmonary
contusion, early endotracheal intuba
tion and ventilatory support using in
termittent mandatory ventilation or
full control with a volume respirator is
necessary. Ventilatory support is also
required if there is deterioration in
pulmonary function while the patient
is receiving conservative therapy. Be
cause of the possibility of air em
bolism, especially in the case of a pene
trating thoracic injury, the initial use of
positive end-expiratory pressure is dis
couraged.
Fluids

The type and amount of intravenous
fluids that should be given are con
troversial. The blood lost should be
replaced so as to maintain the hema
tocrit above 30%. The amount of
crystalloid solutions given should be
kept to a minimum and this can best be
done by monitoring urine output and
keeping it above an oliguric level of
0.5 mL/kg body weight. Administration
of excessive amounts of fluids probably
increases pulmonary congestion. The
use of colloids is disputed, but plasma
or albumin is probably not indicated
unless oncotic pressure is very low and
the serum albumin concentration is less
than 2 g/dL (290 ^untol/L).2
Arterial Gases

It is essential that pulmonary func
tion be monitored by measurement of
arterial blood gases which is best done
with an arterial gas line in place. De
termination of the alveolar-arterial oxy
gen gradient or pulmonary shunt, if
available, is more sensitive for detect
ing deterioration of pulmonary func
tion than measurement of arterial blood
gases alone.
Swan-Ganz Catheter

The use of the Swan-Ganz catheter
to measure pulmonary artery pressure,
pulmonary wedge pressure and cardiac

output is not normally required in
the initial evaluation or treatment of
pulmonary contusion. It may be neces
sary, however, if there are associated
injuries and disease, or later as other
complications develop.
Antibiotics

The routine use of a broad-spectrum
antibiotic appears to reduce the de
velopment of superimposed infection.
Cortisone

Despite some reports that massive
doses of cortisone given early may re
duce the size of the pulmonary contu
sion,3 no authoritative clinical studies
have been done that justify the routine
use of cortisone.
Cardiotonic Drugs

Cardiotonic drugs such as digitalis
and dopamine are not used primarily
to treat pulmonary contusion. If there
are clinical indications for the adminis
tration of a drug such as dopamine,
the use of a Swan-Ganz catheter is
important to monitor its effect.
Diuretic Drugs

Diuretic agents such as furosemide
should be reserved for use in patients
who are initially overhydrated or hy
pervolemic during the period of thirdspace mobilization of fluid following
injury.
Pulmonary Resection

The indications for surgical inter
vention are continuing pulmonary he
morrhage or large or persistent air
leaks, or both.4
The importance of pulmonary con
tusion as a major complication of chest
trauma must be appreciated. With
proper treatment and careful monitor
ing, the contusion can be rapidly dis
sipated and further complications pre
vented.
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7. Rectal Injuries
T.M. M a x w e l l ,

Injuries to the rectum have always
been associated with a high mortality.
This was reduced when exteriorization
was introduced, particularly when it was
combined with prompt and effective
resuscitative measures. Experience
gained during the Vietnam war dem
onstrated the considerable benefit of
washout of the distal rectal segment.
The author describes the course of
management he advises. After initial
resuscitation, roentgenography of the
pelvis and abdomen is necessary.
Antibiotics should be administered
preoperatively. Through a midline
incision the rectal wounds are repaired
and a proximal diverting colostomy is
performed. The nonfunctioning bowel
segment should then be thoroughly
washed out. Careful search must be
made for associated injuries that
require attention.

m d , f r c s [c ]

executing criminals. King Edward II
of England was murdered in 1322 by
deliberate rectal perforation, selected
because it leaves no external marks.
In World War I the treatment of
rectal injuries was primary closure
which resulted in a mortality of 55 %
to 60%. In World War II exterioriza
tion became popular and the mortality
decreased to 37%. During the Korean
conflict exteriorization, when com
bined with earlier evacuation and bet
ter resuscitative measures and suppor
tive care, led to a further reduction to
15%. Injuries caused by high-velocity
missiles are usually a result of mili
tary action but can occur also in
civilian life from hunting accidents
and the use of magnum weapons. Highvelocity missiles have a shattering or
blast effect and therefore there is more
soft tissue injury and extensive con
tamination.
Les traumatismes du rectum ont
Prior to the Vietnam conflict rectal
toujours ete greves d'une lourde
injuries were treated by closure and
mortalite. L'introduction des techniques
proximal colostomy. Experience gained
d exteriorisation, surtout en association
during that war suggested that fecal
avec des mesures de reanimation
material remaining in the distal non
promptes et efficaces, a permis de
functioning segment was an important
reduire cette mortalite. L’experience
factor in producing sepsis.4 The results
acquise pendant la guerre du Vietnam
of
the study of Wanebo, Hunt and
a demontre les benefices considerables
Mathewson1 from Vietnam of 28 pa
du recours a I'irrigation-Iavage du
tients with rectal injuries caused by
segment distal du rectum.
high-velocity missiles were impressive.
L'auteur decrit les demarches
Before 1968, 18 cases were treated
qu'il preconise dans de tels cas. Apres
with no rectal washout and the result
la reanimation initiate, des radiographies
was a morbidity of 72% and mortality
du bassin et de I'abdomen sont
of 22%. After 1968 in 10 cases treated
necessaires. Dans la periode
with distal rectal washout there was a
preoperatoire, on pratique une
morbidity of only 10% and no mortal
antibiotherapie de couverture. Une
ity. In 1975 Schrock, Trunkey and
incision mediane permet la reparation
BlaisdelT reported their experience with
des blessures rectales, puis Ton realise
similar management of rectal injuries
une colostomie de derivation en amont
in the civilian population and showed
des lesions. Ensuite, on procede
a reduction in mortality.
a un lavage soigneux du segment
After initial resuscitation has been
intestinal nonfonctionnel. On doit
carried
out and the patient’s condition
rechercher attentivement les lesions
is hemodynamically stable the rectal
associees eventuelles.
wound can be assessed. The presence
By far the most serious injuries to the of intraluminal blood is considered as
large bowel are those to the rectum. positive evidence of rectal damage even
The reported mortality ranges from if a rectal wound cannot be visualized,
20% to 60% ,13 The ancient Chinese provided a proximal colonic injury has
took advantage of the high mortality not been sustained. Roentgenograms
and used impalement as a method of of the pelvis and abdomen are obtained
and, where necessary, intravenous pye
lography and cystography are per
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management includes restoration of
blood volume and administration of
antibiotics before surgery is performed
(my personal preference is to use clin
damycin and gentamicin). Fullen, Hunt
and Altemeier6 from Cincinnati demon
strated clearly that preoperatively ad
ministered antibiotics reduce morbid
ity and mortality in this particular
situation. Through a midline laparo
tomy incision the intraperitoneal rec
tal wounds are repaired and a proxi
mal diverting colostomy (divided) is
performed. In the case of retroperi
toneal wounds the pelvic peritoneum is
incised and the presacral space is dis
sected bluntly down to the levator ani
muscles, the rectal injury is repaired
and a proximal diverting colostomy
performed. Thorough washout of the
nonfunctioning bowel segment is then
carried out. Penrose drains are in
serted into the presacral space and
brought out in a dependent position
through a single stab wound. The ab
domen is then thoroughly irrigated with
saline solution to remove all particulate
matter. Coccygectomy is performed if
necessary. Any associated injuries re
ceive attention particularly those of the
genitourinary tract. One must examine
the anal sphincter and reapproximate
avulsed tissues where possible. Only
occasionally, in the case of massive
trauma, is an abdominoperineal resec
tion required.
There are five factors that deter
mine the outcome of rectal injuries:
(a) the extent of soft tissue trauma, (b)
the presence of associated injuries (e.g.,
affecting bladder or bone), (c) the time
lapse from injury to treatment, (d)
the age and health of the patient and
(e) the degree of contamination.
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8. Panel Discussion
Chairman: C M. B urns
Panelists: J. A l i , L. D ontigny , R .A . H allgr en , G.P. K onok , T.M. M a x w e l l

Dr. Burns: The papers presented and
the general subject of the organization
of accident health care and accident
management are open for discussion.
Please feel free to direct your questions
to any member of the panel. Your
written questions will be delivered to
the chairman.
Question: Would the panel discuss the
effect of preadmission care on a trauma
centre with respect to case load, mor
bidity and mortality.
Dr. Ross: The greater the efficiency and
proficiency of the ambulance crews and
delivery systems, the larger the num
ber of seriously injured patients who
will survive to arrive at the emergency
department. The earlier resuscitative
measures are taken, the better the op
portunity to reduce mortality and mor
bidity. This is a logical conclusion al
though we do not have Canadian statis
tics to prove it. The increase in case
load will not be great, as indicated by
the figures Dr. Burns supplied concern
ing injury-to-death time. However, ear
lier resuscitation and a shorter retrieval
time probably will increase the number
of late survivors and therefore increase
the total case load and hospital util
ization.
Question: What are the indications for,
limitations of and technique recom
mended in, the use of autotransfusion
in intrathoracic and intra-abdominal
hemorrhage?
Dr. Dontigny: We use autotransfusion
in patients undergoing elective cardiac
surgery. As well we have had experience
with it over the past 2 years in 12 cases
of hepatic injury or rupture of the
aorta. In cases of hepatic injury we
have autotransfused up to 30 L of blood
in 2 to 3 hours. The equipment neces
sary is on standby in our institution.
We use the ATS Bentley system with a
heparin solution (heparin 3000 units in
500 mL of lactate solution) for priming.
We do not use intravenous heparin
throughout the operation and therefore
we have reduced the problems of gen
eralized bleeding to a minimum. How-
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ever, in cases of very severe or pro
longed bleeding, we have added fresh
blood, fresh frozen plasma and platelets
to correct the developing coagulopathy.
Dr. Maxwell: I believe autotransfusion
has a place in the management of mas
sive hemorrhage in patients who have
sustained multiple trauma. Our main
concern is the possibility of hemolysis.
Dr. Dontigny, have you encountered
this problem? How do you deal with
it?
Dr. Dontigny: Yes, we have noticed
hemolysis. The free plasma hemoglo
bin concentration will rise, depending
on the duration and amount of auto
transfusion. However, this has been
a minor problem that resolved rapidly
with the use of mannitol or furosemide.
Our major difficulties occurred early
in our experience when we administered
repeated doses of heparin, but we over
came these difficulties by using a he
parin solution and reducing the total
amount of heparin administered.
Dr. Ross: We have not used auto
transfusion but agree that with further
refinements this technique may be ap
plied in institutions far removed from
blood-bank services.
Question: Has anyone on the panel had
any experience with the use of micro
fibrillar collagen? What is the opinion
of the panel members on the use of
packing to control hemorrhage from
the liver and of carbon dioxide laser
dissection to resect the liver and control
hemorrhage?
Dr. Konok: Microfibrillar collagen
(Avitene) is the relatively new absorb
able topical hemostatic agent. It is easy
to handle, adheres extremely well to
raw surfaces and is highly effective. Its
main drawback is the current price
which, at least in our institution, pro
hibits its routine use. We have em
ployed it to control bleeding caused
by tears in the splenic capsule, but to
my knowledge we have never had to
use it for hepatic injuries.
The experience obtained in the Ko
rean and Vietnam wars showed con
vincingly that the packing of hepatic
wounds should be used only as a tem
porary intraoperative measure to con
trol bleeding. If it is used in any other
way it definitely increases the compli
cation rate of hepatic injuries.
In most cases of extensive trauma
to the liver we debride devitalized hepa
tic tissue and use suture-ligatures for
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bleeding vessels and transected bileduct radicals. However, in selected
cases we may ligate the hepatic artery
or perform an anatomic resection.
We never leave anything, not even
absorbable topical hemostatic agents, in
the depths of a hepatic laceration. We
also provide ample sump drainage in
all cases.
We do not have any experience with
the use of the carbon dioxide laser in
hepatic resections. In our institution
we use the “finger fracture method”
first described by Lim and Tung, in
which the hepatic parenchyma is bluntly
crushed between the thumb and index
finger. The fibrous cords containing
the vessels and bile duct radicals are
serially ligated and divided. This method
lacks elegance and leaves an irregular
surface. Nevertheless it is a simple, safe
and rapid way of doing a hepatic re
section. So far we have not had any
problems from leaving behind too much
crushed and devitalized hepatic tissue.
Dr. Ali: We have had no experience
with carbon dioxide laser dissection of
the liver. From reports in the literature
we gather that this technique has
application perhaps in elective hepatic
resection. But where there is massive
hemorrhage such dissection would take
too long and therefore would be of lit
tle benefit.
We have used Avitene to control
minor oozing from hepatic lacerations
and after resection. In the laboratory
we have demonstrated its value in man
aging capsular tears of the spleen and
liver.
Question: When is tracheostomy per
formed and what are the complications
of the operation? What should arouse
suspicion of tracheal stenosis?
Dr. Maxwell: The majority of patients
with flail chest do not require trache
ostomy because the flail segment is
small and there is minor underlying
contusion. Endotracheal intubation and
respirator support for a few days will
provide the time necessary for resolu
tion of the contusion and fixation of
the flail segment.
Similarly, in cases of massive lung
contusion and flail injury to the chest
wall, endotracheal intubation is in
dicated immediately. Tracheostomy
should never be performed as an emer
gency but only electively at a later
date. Complications used to develop
when tracheostomy was performed as
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an emergency operation and before able to maintain good chest toilet and
soft cuffed tubes were introduced. Tra ventilation we leave the endotracheal
cheal stenosis at that time was a fre tube in place.
quent occurrence.
Question: What policies do you follow
Dr. Hallgren: In the only cases of tra in the management of the various de
cheal stenosis I have seen the condi grees of splenic injury?
tion developed 1 to 2 months after the Dr. Konok: Until recently all but the
endotracheal or tracheostomy tube had most minor iatrogenic splenic injuries
been removed. The patients sought re were treated by splenectomy in our in
lief of stridor and dsypnea on effort. stitution. However, recent reports of
We have not seen anyone with severe severe and often-fatal delayed infection
difficulty from this cause.
following splenectomy, especially in
We have used soft cuffed endotra children, have given us some concern.
cheal tubes for up to 2 weeks if neces
I believe, that, whenever possible, a
sary. The duration varies considerably conservative approach should be fol
lowed. I recently operated oq two pa
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tients, 2 and 3 years of age respect
ively. Both children had been in a car
accident and abdominal tap in the emer
gency room recovered frank blood. In
each case at laparotomy a long linear
laceration of the spleen was found. I
oversewed these with a continuous
suture of 6-0 Prolene and drained the
left subphrenic space using a Hemovac
drain. The patients remained under close
observation for 1 week and both had
an uncomplicated postoperative course.
I have already alluded to the use
of Avitene to control bleeding from
tears in the splenic capsule. More exten
sive injuries to the spleen require
splenectomy.
Question: What is the opinion of the
panel members on the exploration of
stab wounds under local anesthesia? Is
there a place for four-quadrant taps?
Dr. Ross: I believe that when there is
demonstrated violation of the peritoneal
cavity by a stab wound laparotomy is
indicated. Also laparotomy should be
performed in all cases of gunshot
wounds penetrating the peritoneal
cavity.
Dr. Konok: I approve of exploration
of wounds to demonstrate perforation
of the peritoneal cavity and of laparo
tomy whenever the peritoneum has
been violated. It is my opinion that
peritoneal lavage is superior to fourquadrant taps.
Dr. Maxwell: I would like to comment
on the use of stabograms, as they are
called. I firmly believe in this roentgenographic technique, because if you
do a laparotomy for all stab wounds of
the abdomen no penetration of the ab
dominal cavity will be found in 50%.
To obtain a “stabogram” a catheter is
inserted to the depth of the fascia
and is kept in place by a purse-string
suture through the skin; contrast me
dium is then injected. If the peritoneal
cavity has been penetrated, roentgeno
graphy will show contrast medium
within it. The negative laparotomy rate
will be reduced to 15%. The Shires
technique of exploration under local
anesthesia provides similar results.
Dr. All: Shaftan does not explore under
local anesthesia or obtain a stabogram.
He does a peritoneal lavage and if it is
positive, he explores; if it is negative
he keeps the patient under observation.
Thai explores the wound under local
anesthesia and also does a peritoneal
lavage. Comparing the data from these
workers with our own, we found no
difference in the percentage of negative
laparotomies. However, a false-negative
result from lavage may lead to delay
in operation.
Dr. Burns: I would like to thank the
members of the panel for their pre
sentations and discussion, and the au
dience for their participation.

VOLUME 21, NO. 6, NOVEMBER 1978 / THE CANADIAN JOURNAL OF SURGER

ORIGINAL CONTRIBUTIONS

Infected Abdominal Aortic Grafts
T . K eith Sc o b ie , m d , m sc , f r c s [ c ], fa cs , R o bert H . E l d e r ,
MD, FRCP[C] AND NEIL M c PHAIL, MD, FRCS[C]

Of 407 aortic grafts inserted in
patients who underwent arterial re
constructive surgery at the Ottawa
Civic Hospital between 1967 and
1976 graft infections occurred in 11
(2.7% ). Prophylactic administration of
antibiotics and careful preoperative
preparation and operative techniques
have been used in an effort to decrease
the frequency of infection. Cultures
were made of the bowel-bag fluid of
144 patients and no correlation was
found between the bacteria isolated and
subsequent graft infection. Six infec
tions were due to one or more species
of gram-negative bacteria, two to
gram-positive bacteria, one to mixed
gram-negative and gram-positive
bacteria, and from two specimens no
organisms were cultured. The clinical
presentation of graft infection varied
but was in the form of septicemia in
six patients, gastrointestinal bleeding
due to an aortoduodenal fistula in five
patients and false aneurysm in four
patients. Diagnostic features included
positive blood cultures in five patients,
endoscopic demonstration of an aorto
duodenal fistula in two and the
presence of a palpable false aneurysm
in three patients. Paraprosthetic enteric
fistulas were responsible for graft
infection in two patients. The infection
involved the aortic anastomosis in six
patients, all of whom died despite
aggressive efforts at salvage, and
more distal sites in five, only one of
whom died. Treatment consisted of
the administration of massive doses of
specific antibiotics combined with
early graft removal and extra-anatomic
reconstruction if these were indicated.
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Sur 407 greffes aortiques posees chez
des patients qui ont subi une chirurgie
reconstructrice des arteres entre 1967
et 1976 a I'Hopital Civique d’Ottawa,
des infections du greffon sont survenues
dans 11 cas (2.7% ). L'administration
prophylactique d'antibiotiques et une
preparation preoperatoire ainsi que des
techniques operatoires minutieuses
ont ete utilisees dans un effort pour
diminuer la frequence des infections.
Des cultures ont ete effectuees sur le
liquide intestinal de 144 patients et
aucune correlation n'a ete retrouvee
entre les bacteries isolees et une
infection subsequente du greffon. Six
infections etaient dues a une espece
ou plus de bacteries gram negatif, deux
infections a bacteries gram positif,
une a une infection mixte a bacteries
gram positif et gram negatif, et aucun
organisme n'a pu etre cultive de deux
echantillons. Le tableau clinique de
I’infection du greffon a varie mais il a
pris la forme d'une septicemie chez six
patients, d'une hemorragie gastrointestinale due a une fistule aortoduodenale
chez cinq patients e t d’un faux anevrisme chez quatre patients. Les
elements de diagnostic ont compris
des cultures du sang positives chez
cinq patients, la mise en evidence a
I'endoscopie d'une fistule aortoduo
denale dans deux cas, et la presence
d'un faux anevrisme palpable chez trois
patients. Une fistule enterique paraprosthetique a ete responsable de
I’infection du greffon chez deux patients.
L’infection impliquait I'anastomose
aortique chez six patients qui sont
tous morts malgre des efforts agressifs
pour les sauver; dans cinq cas,
I'infection touchait des points plus
eloignes et, chez ces malades, un
seul est decede. Le traitement a
consiste a administrer des doses
massives d'antibiotiques specifiques,
associe au retrait precoce du greffon
et a une reconstruction extra-anatomique,
quand ces mesures etaient indiquees.

Infection in prosthetic grafts occurs in
0.23% to 6 % 1-6 of patients who have
undergone reconstructive surgery of
the arteries and the reported m ortality
is 25% to 75% A7’8 The most critical
problems occur when infection develops
in an abdominal aortic graft; such in
fection is of great danger to the patient
and is a major diagnostic and thera
peutic challenge to the medical team.
Principles of management have evolved
and new operative procedures have
been devised in an effort to decrease
this high mortality and morbidity. P re
vention of infection is the most effect
ive solution since the diagnosis of in
fection is difficult and often delayed
and the results of treatm ent, especially
in the case of infected aortic grafts,
have not improved commensurately
with the time and effort expended.
Continuing critical assessment of all
aspects of graft infection is m andatory
to improve long-term results of aortic
surgery.
Clinical Material
In the 10-year period between Jan.
1, 1967 and Dec. 31, 1976, 407 ab
dominal aortic grafts were inserted in
patients at the Ottawa Civic Hospital.
The type of graft material used and the
sites of the anastomoses perform ed are
listed in Table I.
Precautions against Infection
All patients received ampicillin and
cloxacillin starting 36 hours before the
operation and continuing for 8 days
after, unless specific pathogenic or
ganisms were identified necessitating
a change in the antibiotic regimen.
Cultures were made preoperatively of
urine and sputum and any ischemic
lesions of the legs, and any organisms
cultured were treated with the specific
antibiotic; surgery was postponed until
the infection was eliminated. Mechanic-
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al and antibiotic bowel preparation was
carried out routinely before elective
aortic surgery. The skin was prepared
with hexachlorophene compound (pHisoHex, Winthrop) and intermittent pos
itive-pressure breathing was instituted
48 hours before operation. Shaving was
done by razor in the operating room0
and Proviodine (Rougier Inc., Mont
real, PQ) was used for the final skin
preparation. Plastic skin drapes were
used. The laminated mural thrombus
and debris in the aortic aneurysm were
removed leaving the posterior wall in
tact.10 Great care was taken in mobil
izing the duodenum and closing the retroperitoneum. Intraoperative wound
lavage with bacitracin has been used in
recent operations.
Aerobic and anaerobic cultures were
made of material from the bowel bags
using sheep blood agar, MacCon key’s
agar and thioglycolate broth. From
September 1974 onwards all anaerobic
cultures were done in an anaerobic
tent using prereduced supplemented
media. Cultures were held for a min
imum of 5 days before being discarded
as unproductive.

two and no bacteria were cultured in
two patients. Organisms were cultured
from the blood in five patients, in
cluding blood from the femoral artery
in two patients with mycotic emboli in
a leg.
Over a 3-year period cultures of
bowel-bag contents from 145 patients
produced no growth of organisms
in 131 cases. There were seven in
stances in which Staphylococcus epidermidis was isolated in subculture from
broth media after 2 or 3 days of in
cubation; six occurred in a 2-month
period and may have been the result of
a technical error. There were single
instances in which one of the following

organisms was isolated: Bacillus sp.,
diphtheroid, Clostridium sp., Pseudo
monas aeruginosa and Propionibacterium sp. There was one instance in
which two organisms, Escherichia coli
and a Bacteroides sp., were isolated.
In none of these instances were bacteria
recovered from solid culture media but
rather from fluid media after 2 or 3
days of incubation. Thus in every case
the number of bacteria present in the
bowel-bag fluid was low. There was no
correlation between the bacteria iso
lated from bowel-bag fluid and subse
quent infection. Cultures of segments
of aorta made at the time of initial sur
gery were usually unproductive. In

Table I—Graft Material and Site of Anastomosis
Graft material
Diagnosis

Teflon

Ruptured aortic aneurysm*
Nonruptured aortic aneurysm
Aortoiliac occlusive disease
Total

Site of anastomosis

Dacron

Aortoiliac

Aortofemoral

49
89
18

15
92
135

63
174
75

1
7
78

156

242

312

86

*9 patients died at operation.

Findings

Operative Mortality

In the 73 patients with ruptured ab
dominal aortic aneurysms, the operative
mortality11 was 51%, in the 181 with
nonruptured aortic aneurysms it was
4.9% and in the 153 patients who un
derwent a reconstructive procedure for
aortoiliac occlusive disease it was 1.9%.
Incidence o f Infection

Infection of the aortic graft occurred
in 4 (5.5%) of the 73 cases of ruptured
aortic aneurysm, in 5 (2.8%) of the
181 cases of nonruptured abdominal
aortic aneurysm and in 2 (1.3%) of 153
cases of aortic grafting for management
of aortoiliac occlusive disease. Hence
the overall frequency was 11 of 407
aortic grafts (2.7%). The frequency of
infection related to graft location is
given in Table II and to graft material
in Table III. The numbers are too small
to permit statistical evaluation. Graft
infection after reconstructive surgery
was clinically apparent within 30 days
in four patients, in less than 6 months
in one, in 6 to 12 months in two, in 1
to 2 years in two and in over 2 years
in two patients, 1 at 24 and the other
at 25 months after operation.
Bacteriologic Findings

Organisms were cultured from the
graft in nine patients (Table IV): one
or more species of gram-negative bac
teria were isolated in six patients, mixed
gram-negative and gram-positive bac
teria in one, gram-positive bacteria in
528

Table II— Relation of Graft Location to Infection

Location of graft
Aortoiliac
Aortofemoral
No graft

No. of
grafts

No. of
infections

Infection
rate, %

312
86
9

8
3

2.6
3.5

Table III— Relation of Graft Material to Infection
No. of
grafts

Type of graft

No. of
infections

Infection
rate, %

Dacron

242

5

2.1

Teflon

156

6

3.8

Aneurysm

Wound

Table IV—Organisms Cultured
Site
Organism

Urine

Blood

Graft

Escherichia coli
Staphylococcus aureus
Klebsiella pneumoniae
p-hemolytic streptococcus
(not group A)
Bacteroides sp.

Pseudomonas aeruginosa
Proteus mirabilis
Enterobacter cloacae
Peptococcus sp.
Staphylococcus epidermidis
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patients with no obvious infections, a
positive result of culture could not be
correlated with subsequent events.
A source of potential infection, con
sidered to be significant, was found
in 6 of these 11 patients. Three of the
four patients with ruptured aortic
aneurysms had definite foci of infection
at the time of emergency surgery. One
was receiving ampicillin because of a
wound infection 2 weeks after right
inguinal herniotomy, another had an
aortoduodenal fistula at the time of
emergency surgery and culture of the
aneurysm at that time produced a
growth of Staphylococcus aureus,
/J-hemolytic streptococcus (not group
A) and S. epidermidis, while the third
had a 3-week history of intermittent
fever spiking to 40 °C and associated
with back and abdominal pain before
rupture of the aneurysm. At the time
of emergency surgery in this patient
cultures of the aneurysm wall and con
tents, as well as blood cultures, were
sterile despite the gross appearance of
infection of the aneurysm wall and
retroperitoneum. In two patients graft
infection was secondary to paraprosthetic enteric fistulas,12 that is, a
fistula from the small bowel to the
outer layer of a limb of the graft (Fig.
1). In one patient graft infection de
veloped after surgery on the genitour
inary tract, performed 24 months after
the uncomplicated excision of an ab
dominal aortic aneurysm; the post
operative course after excision of a
congenital megaureter was complicated
by septicemia when E. coli was cultured
from blood and urine and later from
the graft.
No specific factors were identified
in the remaining five patients. In three
a false aneurysm developed at a distal
anastomosis; in one patient it was as
sociated with acute thrombosis of a
limb of the graft, and in another cul
tures from the false aneurysm were
unproductive but the clinical course
suggested an infectious cause. The
fourth patient had an aortoduodenal
fistula associated with major retro-

be made. An upper gastrointestinal
series was not diagnostic in the two
patients so investigated for aortoduo
denal fistula or in the two with a para
prosthetic enteric fistula. Diagnostic
radiologic findings have included the
presence of contrast material around
the graft (coil-spring design), a defect
in the bowel wall, partial intestinal ob
Clinical Presentation
struction and an extraluminal sinus tract
The most common signs of graft sep or displacement.17’18 In the two patients
sis were septicemia in six patients, gas with a paraprosthetic enteric fistula the
trointestinal bleeding due to aortoduo diagnosis was indicated by the presence
denal fistula in five patients, thrombo of septic emboli in the involved leg
sis of a limb of the graft in three and confirmed by blood cultures from
patients, false aneurysm in four patients the femoral artery. In the three patients
(involving the aortic anastomosis in with a false aneurysm of the distal an
one and the distal anastomosis in three), astomosis the diagnosis was easily made
presence of mycotic emboli in a leg from the presence of local pain and, in
in three patients, rupture of the aortic one patient, swelling associated with
anastomosis in two patients, peritonitis acute thrombosis. Angiography was
in one and wound infection in only a performed in four patients, confirming
single patient. Thus there were 25 forms thrombosis of a limb of the graft in two,
of presentation of graft sepsis in these the presence of a false aneurysm in one,
11 patients, varying from one to four and being normal in one patient with
a paraprosthetic enteric fistula. The
per patient.
The infection involved the shaft of presence of fever (greater than 38°C)
the graft and the aortic anastomosis in and leukocytosis (above lO.OXlOVL)
six patients and one limb of the graft was unreliable in the assessment of
in five patients. Two patients had a patients suspected of having infection
paraprosthetic enteric fistula and in of an abdominal aortic graft. Four of
both septic emboli13'14 appeared in the the 11 patients had both fever and
involved leg causing painful swelling leukocytosis, 2 had fever only, 2 had
and petechiae. This complication also leukocytosis only and 3 had neither.
occurred in one patient with an infected
Results of Treatment
shaft of the graft.
Efforts to make a firm diagnosis
Treatment of these patients varied,
were handicapped by the lack of pre
cise diagnostic methods in this group depending on the urgency of the pre
of patients. Preoperative diagnostic senting problem and the portion of
studies characteristically have a low the graft that was infected (Table V).
yield in the majority of patients with a In six patients the aortic anastomosis
true aortoduodenal fistula and diagnosis was involved in the infection of the
usually is established only at the time graft; all died despite aggressive efforts
of emergency laparotomy for control of at salvage. In one patient the upper an
gastrointestinal bleeding.15 In two of astomosis became disrupted in associa
the five patients with such a fistula tion with generalized peritonitis and at
the diagnosis was made preoperatively laparotomy control was not possible.
by endoscopy after the endoscopist Of the five patients with aortoduodenal
had been alerted to the possibility16 but fistula one had excision and replace
in another two the diagnosis by en ment of the aortic bifurcation graft but
doscopy was incorrect. In two patients the infection persisted and there was
emergency operation for massive gas eventual disruption of the upper an
trointestinal bleeding precluded any astomosis. Another patient with an
investigation and a third died of ex- aortoduodenal fistula died from exsansanguination before the diagnosis could guination before treatment could be

peritoneal infection, and the remaining
patient died of an aortoduodenal fistula
which, since there was no evidence of
sepsis on clinical examination or at
autopsy, was probably due to mechan
ical erosion of the duodenum without
a major bacteriologic component.

T a b l e t / — E x t e n t o f In v o l v e m e n t o f P r o s t h e s i s a n d C l in i c a l O u t c o m e *

S ite o f p la c e m e n t
A o r t o i li a c
A o rto fe m o ra l

E x te n t o f in v o lv e m e n t

6
1
1
3

S h a f t — p r o x i m a l a n a s t o m o s is
O n e lim b
S h a ft
D is t a l a n a s t o m o s is

T o ta l

FIG. 1—Paraprosthetic enteric fistula.
Thrombosed, stained limb of graft with ad
jacent small-bowel fistula.

No. of
cases

♦ A m p u t a t io n w a s n o t p e r fo r m e d .
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a

No. of
d e a th s
6
0
0
1
7

carried out. The other three patients
had the aortic graft removed and an
extra-anatomic bypass created. In one
patient graft excision was combined
with axillofemoral bypass grafting19 as
an emergency procedure for an aortoduodenal fistula with extensive gastro
intestinal bleeding. In the other two
patients, staged axillofemoral and femorofemoral reconstruction20,21 was carried
out before complete removal of the
aortic graft. One of these patients died
of continuing retroperitoneal infection
which produced an aortoenteric fistula
and the other died of an incidental rup
tured cerebral aneurysm after apparent
control of the graft infection and re
constitution of normal circulation to the
legs. These figures are comparable to
those of Szilagyi and colleagues,1 all
of whose patients with infection in
volving the aortic anastomosis died, and
indicate the gravity of this type of
graft infection.
The five patients with infection of a
limb of the graft responded better to
treatment— four survived. In three the
graft was removed and not replaced;
in two a tube aortofemoral graft was
completely removed and the arteriotomies were closed with monofilament
Prolene sutures and, in the patient with
a paraprosthetic enteric fistula, the
small bowel was closed, while the third
patient had local excision of a recur
rent false aneurysm. None of these
three patients lost a leg and no appre
ciable claudication was present in the
period of follow-up of 12, 15, or 19
months, although one patient died of
myocardial infarction 12 months after
removal of the graft. The remaining
two patients in this subgroup had re
moval of the infected grafts and re
placement on the same occasion. One
had a paraprosthetic enteric fistula in
volving the left limb of a bifurcation
graft and is alive and well 10 years
after replacement of the aortic bifur
cation graft and closure of the smallbowel fistula. The other patient is the
only one in this group who died; the
left limb of an aortic bifurcation graft
was replaced as an emergency proce
dure because of acute thrombosis
of a false aneurysm at the distal an
astomosis. Death occurred 30 days after
operation as a result of renal failure,
coagulopathy and stress ulcers.
The interval between the clinical
diagnosis of graft infection and death
of six patients who died was 30, 41 and
42 days, 5, 7 and 15 months; one other
patient died of exsanguination from an
aortoduodenal fistula before the diag
nosis was established.
The frequency of infection of the
aortic anastomosis in this series is high
(Table V) compared with involvement
by infection of the more distal por
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tions of the graft. Of the six patients room, and in patients with exceptional
who had aortic anastomotic involvement ly poor body hygiene or unavoidable
five had undergone emergency surgery or uncorrectable impairment of immune
without the usual preoperative prepara defences. Antibiotics are prescribed
tion: four were patients with a ruptured also for patients with ruptured aneu
abdominal aortic aneurysm and in three rysms because of the extensive tissue
of them infection was already present destruction caused by retroperitoneal
while the fifth patient had an acute hemorrhage and because of the occa
aortic aneurysm operated on as an sional presence of pathogenic bacteria
emergency because rupture was con in the wall or contents of the aneurys
sidered imminent. In the remaining mal sac. It has been shown37 that two
patient the graft became infected after of the major factors that increase the
urinary tract surgery 25 months after risk of infection in patients who have
an uncomplicated aortic aneurysmec undergone surgery are advanced age
tomy. Of this group with infection of and the duration of the operation, a fur
the aortic anastomosis one died from ther strong indication for using anti
massive gastrointestinal bleeding before biotics prophylactically in elderly pa
the diagnosis could be established while tients undergoing the often lengthy
another presented with overwhelming procedures of arterial surgery.
peritonitis precluding effective treat
Graft infection due to hematogenous
ment. The survival time of the remain contamination must be avoided if pos
ing four patients, from the clinical diag sible by the prophylactic use of anti
nosis of infection to death, was 40 days, biotics for patients with arterial pros
and 6, 7 and 15 months. It is possible theses who undergo dental extractions
that earlier laparotomy to establish a or other surgical procedures.7,9,38 One
definite diagnosis combined with extra- of our patients acquired graft infection
anatomic revascularization of the legs in this way.
could have rescued some of the patients
The value of the prophylactic anti
in this group.
biotic regimen used in this series cannot
be determined. It is interesting to com
Discussion
pare the graft infection rate among
There is now sufficient experience patients who underwent elective sur
to indicate that prevention is the only gery, who were given the usual pre
satisfactory means of coping with the operative antibiotic prophylaxis, with
problem of infected aortic prostheses. that for patients who had emergency
Even aggressive surgical management operations and received antibiotics preof aortic anastomotic infection carries operatively only in the emergency
a high mortality. General factors such room. Graft infection developed in 6
as good surgical technique, proper oper (1.9%) of 312 elective cases compared
ating-room design,22 clean air,23 drap with 5 (5.3%) of 94 emergency cases
ing,24 gowns25 and control of carriers (73 ruptured and 21 acute abdominal
among operating room personnel26 aortic aneurysms). Three patients who
assume the greatest importance in the were emergency cases were infected at
prevention of arterial graft infection. the time of surgery, however, and when
Intraoperative wound lavage with an these are set aside graft infection de
antibiotic27 and use of Polybactrin veloped in only two (2.1%) of the
(Calmic) spray28 have also been recom emergency group.
mended. Local factors at the time of
While the combination of antibiotics
aortic grafting include gentle dissec used in prophylaxis was not broad it
tion around the duodenum12 to avoid did cover many of the commonly en
laceration or ischemic necrosis, leaving countered bowel and skin organisms
part of the aneurysm wall to decrease and may have minimized any tissue
the amount of dissection of the duode contamination by them. The extended
num,29 avoiding kinking of the graft30"32 period over which antibiotic prophyla
and careful retroperitoneal closure,11 xis was given is not in agreement with
often in two layers33 or with additional current thought on this subject. How
omental wrapping.34
ever, the combination used has proved
The role of prophylactic antibiotic to be innocuous in terms of toxicity and
therapy in arterial surgery has been development of resistant strains of bac
controversial because of the absence teria and it is relatively inexpensive.
of any controlled study. Most vascular Despite the absence of evidence to jus
surgeons probably use antibiotics7,27,35'3B tify the prophylactic administration of
because graft infection is such a major antibiotics in this study, their use is
complication. Even those who do not likely to be continued until a final
generally subscribe to this practice1 use determination of their effectiveness can
antibiotics prophylactically in the pre be made.
sence of proven infection, when there
Ernst and colleagues27 studied 80 pa
has been visible contamination during tients who underwent abdominal aortic
the surgical procedure or a gross break aneurysmectomy from a group of pa
in aseptic technique in the operating tients receiving antibiotics perioper-
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atively. Twelve (15% ) of 78 cultures
of the aneurysm and 5 (11% ) of 45
cultures of intestinal bag fluid produced
a bacterial growth; the frequency was
significantly (P < 0.05) greater in
cases of ruptured than of nonruptured
aneurysm. These workers believe that
aneurysmal contents and intestinal bag
fluid are sources of late graft sepsis. In
our review of 144 cultures of bowelbag contents no correlation was estab
lished between the bacteria isolated and
subsequent graft infection. We are
continuing to culture operative spe
cimens in an effort to establish whether
there is any value in identifying po
tential sources of graft sepsis in this
way.
The treatment of an infected aortic
graft depends on the portion of the
graft involved but includes massive
specific antibiotic therapy in all cases.
Infection of the shaft of an aortic bi
furcation graft should be treated by
removal of the graft, usually preceded
by extra-anatomic revascularization of
the legs if possible. Infection at an an
astomosis or of the intimal surface of
the prosthesis also requires complete
removal of the graft, although in cer
tain cases immediate reconstruction
is not indicated if limb salvage can be
anticipated despite graft removal. Total
graft excision without immediate re
construction, reported by Goldstone
and Moore7 resulted in a mortality
of 22% and an amputation rate of
36% , compared with an operative
mortality of 66% in six patients treated
by total graft excision and immediate
vascular reconstruction. Infection in
volving the groin area often prevents
extra-anatomic reconstruction and in
creases the risk of loss of the limb.
Graft excision and replacement are
occasionally indicated in the presence
of localized limb infection as demon
strated by one of the cases in our series.
It has been suggested1 that not all in
fected synthetic grafts must be removed.
If the periprosthetic infection is a lin
gering one of low virulence, if the an
astomoses are not involved and if the
pseudointima is not infected as de
monstrated by septicemia an attempt
to save the prosthesis may be justified
in carefully selected patients.
The conclusion of this review is that
prevention of infection should receive
the greatest attention in all arterial
prosthetic operations. Once sepsis has
occurred diagnosis is difficult, but it
should be assumed that gastrointes
tinal bleeding or pyrexia of unknown
origin in any patient with an arterial
prosthesis is due to graft infection until
proven otherwise. Investigative proce
dures are not of much help and usually
laparotomy is necessary to confirm the
diagnosis and permit definitive treat-

ment. Delay in diagnosis and the use
of antibiotics as a substitute for sur
gical intervention allow progression of
the graft infection and decrease the
chances of a successful outcome.
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Tuberculous Peritonitis in Manitoba
T J. Marrie, md, frcp[c] and E.S. H ershfield, md, frcp[c]

Between Jan. 1, 1971 and June 30, 1976
the authors diagnosed tuberculous
peritonitis in 17 patients. The basis for
the diagnosis was a positive culture
for Mycobacterium tuberculosis from the
peritoneal fluid or nodules (nine patients)
or the presence of caseating granulomas
in biopsy specimens of the peritoneum
(eight patients). Fifteen of the 17 patients
were women. Eleven were North
American Indians and eight of them
suffered from alcoholism. The pre
dominant symptoms of abdominal pain,
progressive abdominal distension and
vomiting, and abdominal tenderness
on physical examination were present
both in alcoholics and in nonalcoholics.
However, only the former had de
monstrable ascites. The mean time
from admission to hospital until
establishment of the diagnosis was
8.3 days in six nonalcoholics and
49 days in the alcoholics (P < 0.01). The
delay in making the diagnosis in the
patients with alcoholism resulted from
a tendency to attribute their fever to
alcoholic hepatitis and the ascites to
portal hypertension. The mean duration
of hospitalization was 160.3 days for the
alcoholics and only 41.5 days for the
nonalcoholics. Two of the eight alco
holics died, one of hepatic failure
and the other, 3 years after the
diagnosis of tuberculous peritonitis
was made, of miliary tuberculosis.
Entre le 1 " janvier 1971 et le 30 juin
1976, les auteurs ont diagnostique 17 cas
de peritonite tuberculeuse. Les criteres
de diagnostic comprenaient, soit une
culture positive de Mycobacterium
tuberculosis a partir du liquide peritoneal
cu des ganglions (neuf patients), soit
la presence de granulomes caseeux
dans les specimens des biopsies du
peritoine (huit patients). Quinze des
17 patients etaient des femmes. Onze

etaient des Indiens d'Amerique et,
parmi eux, huit souffraient d'alcoolisme.
Les symptomes predominants, comprenant douleur abdominale, distension
abdominale progressive et vomissement,
et sensibilite abdominale a I’examen
physique, etaient presents chez les
patients alcooliques de meme que chez
les nonalcooliques. Toutefois, seuls
les premiers avaient une ascite
demontrable. L'intervalle moyen qui
s'e st ecoule entre I'hospitalisation et la
pose du diagnostic a ete de 8.3 jours
chez six patients nonalcooliques et de
49 jours chez les alcooliques (P < 0.01).
Le retard a faire le diagnostic chez les
patients alcooliques a resulte de la
tendance a attribuer la temperature a
une hepatite alcoolique et I'ascite a une
hypertension porte. La duree moyenne
d’hospitalisation a ete de 160.3 jours
pour les alcooliques et de 41.5 jours
pour les nonalcooliques. Deux des huit
patients alcooliques sont decedes; un
est mort d’insuffisance hepatique et
I'autre de tuberculose miliaire, 3 ans
apres que le diagnostic de peritonite
tuberculeuse eut ete pose.

Tuberculous peritonitis is an uncom
mon disease.1 In Manitoba the decline
in the number of new cases of this di
sease has paralleled the general reduc
tion in the number of new cases of
tuberculosis. However, the proportion
of patients with tuberculous peritonitis
remains relatively stable at 1% of all
cases of tuberculosis (Table I). During
the first 3 months of 1976, we diag
nosed tuberculous peritonitis in three
patients at the Health Sciences Centre,
Winnipeg. The delay in diagnosis in one
patient, an alcoholic, prompted us to
review our experience with this disease
over 5Vi years. This was possible be

cause in Manitoba all patients with tu
berculosis who require hospitalization
are referred to the D.A. Stewart Centre
for the Study and Treatment of Res
piratory Disease, which is staffed by
respirologists from the Health Sciences
Centre.
Patients and Methods
We reviewed the charts of 19 patients
in whom a diagnosis of tuberculous
peritonitis had been made between Jan.
1, 1971 and June 30, 1976. The 17 pa
tients who had either a positive culture
for Mycobacterium tuberculosis from
ascitic fluid or peritoneal nodules, or
histologic confirmation of caseating
granulomas on biopsy of the perito
neum, form the basis of this report. Two
patients were excluded because they
did not satisfy the criteria.
Of the 17 patients, 15 were female
and 2 were male. Their mean age was
34.4 years (range, 7 to 61 years). There
were 11 North American Indians, 3
Caucasians, 1 Chinese, 1 Filipino and
1 patient whose ethnic origin was not
recorded.
The patients were considered in two
groups: group 1, eight patients (all
North American Indians) suffering from
alcoholism; group 2, nine patients who
were not alcoholics.
A patient was considered to be an
alcoholic if any one of the following
criteria were fulfilled:
• Repeated visits to the hospital
emergency department and outpatient
clinic during which drunkeness was
observed.
• Affirmation by a physician or
social worker that the patient had a
consistently high intake of alcohol over
a long period and exhibited the beha
viour associated with alcohol abuse.

Table I— Incidence of Tuberculous Peritonitis in Manitoba, 1940-1975

From the D.A. Stewart Centre for the
Study and Treatment of Respiratory
Total no. of new
Disease, and the infectious disease
active cases of
service, Health Sciences Centre,
tuberculosis
No. of females
Total no.
Period
Winnipeg, Man.
3580
29
38
1940-44
Supported in part by a grant from
2745
38
58
1950-54
the Medical Research Council of Canada
1319
NA*
10
1960-64
1259
12
14
1971-75
Reprint requests to: Dr. TJ. Marrie,
Department of microbiology, Dalhousie
‘Data not available.
University, 5788 University A ve.,
Halifax, NS B3H IV8
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Tuberculous peritonitis
as % of total no. with
tuberculosis
1
2
0.8
1

533

• Report of alcohol use together
with the existence of alcohol-associated
disease (pancreatitis, cirrhosis, alcoholic
hepatitis).
Tests for statistical significance were
carried out using Student’s /-test for
unpaired observations.
Results

Symptoms
The symptoms and signs at the time
of admission are shown in Tables II
and III. Abdominal pain, progressive
abdominal distension and vomiting were
the most common symptoms. All 12 pa
tients who were admitted initially to
the Health Sciences Centre had ab
dominal tenderness. About half the
patients had fever and ascites.
The duration of symptoms prior to
admission was similar in both groups
of patients, 28 days in five group 2
patients and 26.8 days in six group 1
patients (the duration of symptoms was
not recorded on the charts of the other
six).
The group 2 patients were generally
admitted with abdominal pain. The
pain was in the right upper quadrant of
the abdomen in three patients. Two of
them had laparotomy for presumed
Table I I — Symptoms in 17 Patients w ith
Tuberculous Peritonitis
Symptom
Abdominal pain
Progressive abdominal
distension
Vom iting
D iarrhea
Weight loss
Malaise and weakness

Number

Percent

14

82

10
7
3
3
3

59
41
18
18
18

Table III -P h y s ic a l Findings on Admission
Finding
Abdominal tenderness
Fever
Ascites

N o./total

Percent

12/12
7/14
10/17

100
50
59

Diagnosis

Table IV — Method of Diagnosis of Tubercu
lous Peritonitis

Method

Tuberculous peritonitis was consi
dered in the differential diagnosis on
admission in only two group 1 patients.
The mean time from admission to hos
pital until establishment of the diag
nosis was 8.3 days in six patients of
group 2 (data were not available for

No. of
patients

Laparotomy fo r other suspected
disease
Laparotomy fo r suspected
tuberculous peritonitis
Positive cu lture of ascitic fluid
aspirate done routinely in the
investigation of ascites
C ulture of drainage from abdominal
w all sinus
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cholecystitis, at which tuberculous peri
tonitis was discovered instead of the
suspected surgical condition. Five pa
tients had lower abdominal pain and in
all five the diagnosis was made at lapa
rotomy. Two were operated on for
suspected appendicitis, one for suspect
ed incarcerated femoral hernia and one
for a possible ectopic pregnancy. The
fifth patient had incapacitating dysme
norrhea and underwent laparotomy for
a planned hysterectomy. Laparotomy
was performed in one patient with dif
fuse abdominal pain who was believed
to have pancreatitis; postoperatively an
anterior abdominal wall sinus developed
and culture of the drainage produced a
growth of M. tuberculosis.
Five group 1 patients had diffuse ab
dominal pain and in four of them it
was mild. The fifth patient underwent
laparotomy because of signs of peritoni
tis and the demonstration of gram-neg
ative organisms in the ascitic fluid. Dif
fuse inflammation of the peritoneal
surfaces was found for which no cause
was discovered. The patient’s fever con
tinued and a mass appeared in the right
lower quadrant of the abdomen. At a
second laparotomy carried out 2 weeks
after the first, the peritoneum was
found to be studded with nodules the
size of millet seeds and there was a
mass of omentum in the right lower
quadrant. Acid-fast bacilli were seen
in smears of the granulomas; these were
successfully cultured.
Fever in six group 1 patients, in
whom no organisms were isolated on
routine culture, was believed to be
caused by alcoholic hepatitis and was
attributed to primary peritonitis in
one patient.
Two patients had had symptomatic
tuberculosis previously—one patient had
had tuberculosis of the right wrist 10
years before and the other patient had
had tuberculous peritonitis twice before
(35 and 22 years previously).

7

the other three) and 49 days in the
eight patients of group 1 (P < 0.01).
Twelve of 15 patients had a positive
Mantoux test. The only child in the
series had a negative Mantoux test on
admission but this was positive on re
testing 4 weeks later.
The protein content of the ascitic
fluid was determined for five patients;
values ranging from 30 to 55 g/L con
firmed the presence of exudate.
In most instances (13 of the 17 pa
tients) the diagnosis was established at
laparotomy (Table IV). M. tuberculosis
was isolated from the peritoneal cavity
in 9 of the 17 patients. In eight this
was from ascitic fluid or a peritoneal
nodule. In the ninth patient the organ
ism was isolated from the drainage
from an abdominal sinus. In six of
these patients M. tuberculosis was iso
lated from extraperitoneal sites also
(sputum, pleural fluid, urine, or feces);
the bacillus was isolated from one addi
tional site in four patients and from
multiple sites in the other two (sputum,
feces and peritoneal fluid in one and
sputum, pleural fluid, urine and peri
toneal fluid in the other). However, in
no patient did the chest roentgenogram
demonstrate a miliary pattern. Six of
the eight patients who had abnormal
chest roentgenograms had pleural effu
sions, and in three the effusions were
bilateral. All three had ascites. Two
patients had apical fibrosis.
In four group 1 patients liver biopsy
was performed. In three the histologic
features were those of acute alcoholic
hepatitis. One of the three also had
cirrhosis.
Other laboratory data are shown in
Table V. The mean hemoglobin con
centration, erythrocyte sedimentation
rate and leukocyte count were similar
in both groups. The serum glutamic
oxaloacetic transaminase value was sig
nificantly higher (P < 0.02) in group 1
patients. The serum bilirubin value
was elevated in five group 1 patients
(range, 1.4 to 10.3 mg/dL [23.9 to 176
/xmol/ L]).
Response to Treatment
All patients were treated initially
with isonicotinic acid hydrazide (INH),
ethambutol and streptomycin. The
streptomycin was discontinued after 3

Table V— Results of Laboratory Investigations (Mean Values)

6
3
1

Group
1 (n = 6)
2 (n = 8)

Hemoglobin,
g/dL

Leukocyte count,
X 10e/L

Erythrocyte
sedimentation
rate, mm/h

Serum glutamic oxalo
acetic transaminase,
IU

10.6
11.5

9.4
6.7

78
62

94
33
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Table V L Response to Treatment

Response

Group 1 (n = 6)

Group 2 (n = 8)

Median

Median

Length of treatment until afebrile, d*
Length of hospital stay, d

11
135

Range
2 71
91 - 262

10
40

Range
5 21
10 - 65

"Group 2, n = 5.

months and the INH and ethambutol
were continued for a total of 24
months. As shown in Table VI, group
1 patients were treated no longer than
group 2 patients before they became
afebrile. However, their hospital stay
was significantly prolonged (P < 0.001).
Intestinal obstruction occurred only
in the patient who had had two pre
vious episodes of tuberculous peri
tonitis. At laparotomy we found mesen
teric nodes obstructing the third part
of the duodenum. The last patient in
whom the diagnosis was made had
unexplained vomiting for 4 months, but
this subsided and at no time was there
obstruction.
Of the 14 patients with 1 or more
years of follow-up, 12 are alive and
apparently free from active tubercu
losis. In one of the two patients who
died the diagnosis was made in July
1971. She was treated with streptomy
cin, INH and ethambutol for the first
3 months and then with INH and
ethambutol for another 21 months, but
her compliance was poor. She was ad
mitted to hospital twice in 1973; on
both occasions she was febrile and had
ascites. In October 1973 she underwent
laparotomy because we believed that
the tuberculous peritonitis had relapsed.
However, only adhesions were found.
Postoperatively she was afebrile. Re
peated cultures of sputum and urine
were negative. Her final admission was
in May 1974, at which time she com
plained of abdominal swelling, weight
loss and fever. On examination she was
confused, was jaundiced and had
ascites. A chest roentgenogram showed
infiltration of the middle lobe of the
right lung. She died on the 17th hos
pital day. At autopsy miliary tubercu
losis was found. The other patient died
in hepatic coma 3 months after diag
nosis.
Discussion
The reported incidence of tubercu
lous peritonitis varies widely. Sochocky2
noted 1 patient with tuberculous peri
tonitis for every 252 patients admitted
to sanitoria in eastern, northern and
western North Carolina between Jan.
1, 1957 and Dec. 31, 1963. In patients
admitted to Gravely Sanatorium (Dec.

31, 1953 to Jan. 1, 1966) he found the
incidence higher (1 per 147 cases). In
comparison, the incidence of 1 case
of tuberculous peritonitis for every 90
cases of tuberculosis in Manitoba is
higher still although it remains re
latively stable.
In 7 of 14 reported series1'14 of tu
berculous peritonitis the frequency was
higher in women. The highest ratio of
four women to one man was reported
by Battersby from Glasgow.4 Our female:male ratio of 7.5:1 for the period
Jan. 1, 1971 to June 30, 1976 is un
usual. However, the ratio in the periods
1940 to 1944 and 1950 to 1954 of less
than 2:1 is in keeping with most re
ported data.
Faulkner and Everett3 in a study of
187 women with tuberculosis, most of
whom had tuberculous salpingitis, con
cluded that M. tuberculosis reached the
peritoneum through the fallopian tubes.
Singh, Bhargava and Kranti0 carried out
salpingography on 27 women with tu
berculous peritonitis and the findings
in all were normal. Similarly, in two
other studies8'7 the fallopian tubes were
normal in 75% of the women.
In five studies from various parts of
the United States2-6'8'10 50% to 100%
of the patients were black. Among 58
South African patients with tuberculous
peritonitis there were 3 Caucasians, 32
Bantu, and 23 coloured patients.11 Un
doubtedly, the prevalence of infection
with M. tuberculosis varies in different
races. In Manitoba in 1975 the inci
dence of new active cases of tubercu
losis was 132 per 100 000 for North
American Indians and 13.2 per 100 000
for the remainder of the population.
An apparent association has been re
ported between alcoholism and tuber
culosis. In 1964 Pincock15 reported a
10% incidence of alcoholism among
patients at the D.A. Stewart Centre for
the Study and Treatment of Respira
tory Disease. Feingold16 found that
49% of all new active cases of tuber
culosis in Fulton County, Georgia in
1972 occurred in alcoholics. The fre
quency of alcoholism in patients with
tuberculous peritonitis ranges from 2%
to 60% 1’M0'11 so that the figure of 47%
in our patients with tuberculous peri
tonitis is not unusual. However, when

alcoholism with its attendant complica
tion of alcoholic hepatitis coexists with
tuberculous peritonitis, the diagnosis of
the latter becomes very difficult be
cause the symptoms and signs of both
diseases are similar. These symptoms
were present on admission in 50 pa
tients with acute alcoholic hepatitis re
ported by Green, Mistilis and Schiff:17
anorexia in 72% , weight loss in 56%,
abdominal pain in 44%, nausea and
vomiting in 42% and diarrhea in 22% .
In several other series1'4'5'7'8'11'13'14 of pa
tients with tuberculous peritonitis the
symptoms were similar: anorexia in
33% to 58% of patients, weight loss
in 27% to 86%, abdominal pain in
20% to 82%, nausea and vomiting in
12% to 63% and diarrhea in 17% to
26%. In the study of Green, Mistilis
and Schiff17 the physical findings on
examination were jaundice in 72% ,
ascites in 58% and fever in 78%. The
duration of fever varied from 2 to 28
days (mean, 10 days). In about half
the patients fever was of low grade
and in the remainder it was intermit
tent or remittent, occasionally reaching
40°C. In the majority (31 patients) the
fever was attributed to the underlying
liver disease.
In other series the principal physical
findings in patients with tuberculous
peritonitis ranged from 18% to 100%
for ascites1'4-6'9-11'13 and 51% for ab
dominal tenderness.1 Therefore in every
patient with ascites and fever, the
ascitic fluid should be aspirated for cell
count, protein estimation and culture.
A direct smear is unlikely to reveal
acid-fast organisms.1'3'7'18 Large quan
tities of ascitic fluid are required to
isolate the organism on culture. Singh,
Bhargava and Kranti5 were able to
culture M. tuberculosis from 1000 mL of
ascitic fluid in 39 (83%) of their 47
cases. Ascitic fluid in patients with cir
rhosis alone has a leukocyte count of
less than 0.25 X 107L. In patients with
tuberculous peritonitis the count varies
from 0.01 to 6.0 X 109/L with poly
morphonuclear leukocytes constituting
less than 20% of the total. And in the
patient with tuberculous peritonitis and
cirrhosis, the leukocyte count of the
ascitic fluid varies from 0.05 to 10.0 X
10VL.1 While the protein content of
ascitic fluid in cirrhosis is less than
25 g/L and greater than that in pa
tients with tuberculous peritonitis, the
values for the two conditions overlap.1
Radiologic studies of the abdomen
are generally not helpful in diagnosing
tuberculous peritonitis, because intrin
sic intestinal lesions are usually ab
sent.5,19 Occasionally lymph-node or
omental calcification is seen.
Using a Cope needle, Levine10
demonstrated caseating granulomas in
20 patients with tuberculous peritonitis.
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However, Singh, Bhargava and Kranti5
were less successful with this technique,
making a diagnosis in only 30 (64%) of
their 47 patients. By supplementing the
closed biopsy with peritoneoscopy, they
needed to perform laparotomy in only
15% of the patients.
In 18% to 33% of patients with
tuberculous peritonitis the Mantoux
test gives a negative result.2’6
Although pleural effusion is present
in up to two thirds of patients,5,6 active
lung parenchymal lesions are unusual.4,7
Sputum cultures are positive in 30%
of patients with tuberculous peritoni
tis.1,8,9
The average hospital stay at the turn
of the century was 43 days13 and in
the 1960s in North Carolina it was
180 days.2 The nonalcoholics in our
series were hospitalized for a mean of
41.5 days, compared with a mean of
160.3 days for the alcoholics.
The mortality of patients with tu
berculous peritonitis before the intro
duction of chemotherapy was almost
50%.13 In the study of Burack and
Hollister1 in which 20 of 47 patients
had cirrhosis, the diagnosis was made
at autopsy in 38% and the overall
mortality was 70%. In another series
in which 12 of 20 patients were alco
holics, the mortality was 60% .10 Since
the mortality of severe alcoholic liver
disease is 33%,20 it is not surprising
that there were two deaths among the
seven patients with alcoholism in our
study who were followed up for more
than 1 year. Morbidity is greatly in
creased in alcoholics with tuberculous
peritonitis as reflected by their pro
longed hospital stay.
In Manitoba tuberculous peritonitis
presents either as a surgical condition,
which is diagnosed at laparotomy, or
as fever and progressive ascites in a
patient with alcoholism. The diagnosis
in the latter group may be delayed be
cause the fever and other signs and
symptoms are often attributed to al
coholic hepatitis. Therefore tuberculous
peritonitis should be suspected in an
alcoholic with fever and ascites, and
ascitic fluid should be obtained for the
appropriate studies. If the results of
these investigations are abnormal and
the diagnosis is still in doubt a peri
toneal biopsy is indicated.
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Squamous Cell Papilloma of Esophagus
B rian J. M iller ,
and

Squamous cell papilloma of the
esophagus is rare. Seven well-docu
mented cases have been reported
in the English literature. Three further
cases are presented, in one of which
symptoms were related to the tumour.
Although there is no proof that this
lesion is premalignant, coincident
cancer must be excluded. In each of
the authors' cases, endoscopic removal
of the tumour was possible. The etiology
of esophageal squamous cell papilloma
has not been established.
Le papillome a cellules de lepithelium
malpighien est une affection rare.
Dans la litterature anglaise il y a sept
cas bien etablis. On presente trois cas
supplementaires, dont un ou les symptomes etaient relies a la tumeur. Bien
qu’il n’existe aucune preuve que cette
lesion soit precancereuse, la presence
simultanee d'un cancer doit etre
exclue. Dans chacun des trois cas qui
les auteurs s'occupent, I'ablation de la
tumeur par endoscopie a ete possible.
L’etiologie du papillome a cellules de
I epithelium malpighien de I’oesophage
n’a pas ete etablie.

m b , bs ,* F ergus M urphy , md , FRcp[c]f
Bryan E. L ukie, m d , frcp [c] |

Case Reports
Case 1.—A 60-year-old white woman
had complained of burning epigastric and
retrosternal pain and of regurgitation of
fluid for 5 years. These symptoms were
worse after meals, at night and on stoop
ing, and were relieved by antacids. There
was no dysphagia or weight loss.
The only abnormal finding on physical
examination was moderate obesity. Bar
ium study of the upper gastrointestinal
tract disclosed a moderate-sized hiatus
hernia and two duodenal diverticula but
no esophageal masses. Oral cholecysto
graphy demonstrated gallstones.
Under general anesthesia, rigid esophagoscopy was performed. There was
no visible esophagitis or stricture. A
small polypoid lesion in the lower eso
phagus was noticed and removed with
cup forceps. Cholecystectomy and repair
of the sliding hiatus hernia were then
carried out through a thoracoabdominal
incision. She made a satisfactory recov
ery and was free of symptoms 4 months
after operation.
The histologic appearance of the eso
phageal lesion was that of a squamous
cell papilloma with a fibrovascular cen
tral core and numerous finger-like pro
jections covered with hyperplastic squa
mous epithelium.

stratified squamous epithelium with slight
intracellular edema in some areas.
Case 3.—A 55-year-old white man
with a history of vague upper abdominal
discomfort for several years had had in
termittent sharper pains in the same gen
eral location for the previous 6 months.
The sharper pains seemed related to the
ingestion of fatty food. There was no
dysphagia or weight loss. Results of labo
ratory studies disclosed mild, persistent
elevations of serum alkaline phosphatase
and transaminase values.
The findings on physical examination
were not contributory. Radiologic in
vestigation of the gastrointestinal tract
disclosed moderate hypertrophy of the
duodenal bulb mucosa but no abnormal
ity of the esophagus. Fiberoptic esophagogastroscopy revealed, in addition to
minor erythematous changes in the duo
denum, a small papilliferous tumour
(maximum diameter, 0.5 cm) at the lower
end of the esophagus on its posterior

Squamous cell papillomas of the eso
phagus are very uncomon judging
Case 2.—A 79-year-old white woman
by the small number of such cases on was hospitalized with principal com
record. To date only seven cases of plaints of postprandial heartburn and
this condition have been reported in regurgitation of fluid into the mouth for
the English literature; five were single 7 years; for a few months before admis
papillomas1-5 and two were multiple.9,7 sion she had had difficulty in swallow
This apparent rarity may be artefactual, ing tablets. She had lost 9 kg in weight
because these lesions are often too over the previous 12 months.
On physical examination the abdomen
small to cause dysphagia and may
never be diagnosed. Three squamous was normal. Roentgenographic examina
tion revealed a polypoid filling defect in
cell papillomas of the esophagus have the lower one third of the esophagus
been removed and verified histologi (Fig. 1) with no evidence of stricture or
cally at the University Hospital, Sas hiatus hernia. The stomach and duo
katoon, since it was opened in 1954. denum were normal.
These cases form the basis of this
Under local anesthesia, rigid esoreport.
phagoscopy was carried out and demon
From the department of surgery,
University Hospital, University of
Saskatchewan, Saskatoon, Sask.
*Resident in surgery, University of
Saskatchewan
IProfessor of pathology, University
of Saskatchewan
tAssistant professor of medicine,
University of Saskatchewan
Reprint requests to: Dr. B.J. Miller,
Department of surgery, University
Hospital, Saskatoon, Sask. S7N 0W8

strated a polypoid lesion (diameter, 1.7
cm) in the lower one third of the eso
phagus on the posterior wall. A snare was
passed around its short pedicle and the
lesion was avulsed. Bleeding was mini
mal. Her recovery was uncomplicated
and her dysphagia was relieved. On sub
sequent contrast studies the esophagus ap
peared normal.
The tumour (Fig. 2) fulfilled the his
tologic criteria for squamous cell papil
loma. There was a supporting stalk with
a well-vascularized fibromuscular stroma.
Blunt-tipped processes arose from the
surface and were covered by acanthotic

FIG. I.— Case 2. Polypoid filling de
fect in lower one third of esophagus is
outlined by barium; defect corresponds
to squamous cell papilloma that was later
removed.
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aspect. There was no evidence of eso
phagitis or hiatus hernia. The micro
scopic appearances of biopsy specimens
of the lesion were those of squamous cell
papilloma. Subsequently the lesion was
completely avulsed under general anes
thesia using a rigid esophagoscope and
cup forceps (Fig. 3). The patient’s post
operative course was uneventful.
The histology of the entire lesion was
characteristic. There were fronded eleva
tions, each composed of a fibrovascular
core with a covering of hyperplastic strati
fied squamous epithelium.
Discussion

The clinical significance of a benign
tumour of the esophagus is related to
any local complications that it may
cause, such as bleeding or obstruction,
and any propensity that it has for
malignant change.
In previously reported cases, papil
lomas have not been large enough to
cause dysphagia except in two in
stances.1’4 The patient in our case 2
appeared to have symptomatic esopha
geal obstruction, which was relieved
by the endoscopic removal of the papil
loma, but usually these lesions do not
cause symptoms.
To date, squamous cell papillomas
of the esophagus have not been shown
to have malignant potential, although
this may exist in view of malignant
changes described in multiple orolaryngeal papillomatosis,8 papillomas of
the cervix uteri9 and anogenital con-

dylomas.10 Due regard should be paid
at esophagoscopy to the possibility of
a coincident cancer.1
For the pathologist the squamous
cell papilloma is important because its
microscopic appearance may mimic that
of verrucous carcinoma of the esopha
gus.11 An inadequate biopsy of the edge
of a carcinoma may result in an erron
eous diagnosis of benignity. Because
of this, complete endoscopic removal
of a papilloma is essential. For ac
curate histologic interpretation, a sin
gle snared mass is preferable to a
number of fragments of tumour.
Several articles published before
1958 cited instances of squamous cell
papilloma of the esophagus. Ming12
demonstrated that some authors pro
bably referred to inflammatory lesions,
while others used the term papilloma
without adequate verification. The re
port of Adler, Carberry and Ross1 in
1959 appears to be the first fully
documented study of this entity. In
a review of several autopsy series
Weitzner and Hentel2 concluded that
the prevalence was 0.01% to 0.04%
but unfortunately the lesions reported
in these series lacked histologic con
firmation, and autolysis may have dis
torted the structure of the lesions to
such a degree as to make proper diag
nosis difficult or impossible.
The etiology of esophageal squamous
cell papillomas remains obscure. Gas
troesophageal reflux has been proposed
as a mechanism for production of this
tumour in humans.2 The large differ
ence in prevalence of the two condi
tions tends to refute this. Among the
10 cases now on record, including our
own, there are only three examples of
coexistent hiatus hernia and papillo
ma.1'5 A virus has been considered as
a possible etiologic agent in certain
animals13 but this hypothesis is not
alluded to in more recent literature14

and has not been substantiated by the
finding of inclusion bodies either in
our cases or in those of other authors.
Squamous papillomas have been in
duced in rats by administering Nmethyl-N-nitrosoaniline orally for sev
eral months.15 These papillomas ap
peared to be part of a spectrum of
change towards frank malignancy. A
similar range of esophageal tumours
was found after application of various
plant extracts to the cheek pouches of
hamsters.16 Such experiments suggest
that squamous papilloma of the eso
phagus in animals may be one mani
festation of a dysplastic process that
eventually progresses to cancer.
Summary

Three cases of squamous cell papil
loma of the esophagus are described.
Reports of this entity are scarce. Usual
ly these lesions are discovered in
cidentally but if they are large enough
they may cause dysphagia. Squamous
cell papillomas of the esophagus have
not been shown to be premalignant.
They should be removed completely so
that a coexistent malignant condition
is not overlooked.
We thank Drs. D. McFadden, E.J.
Stark and C.L.N. Robinson for permission
to report their cases.
Addendum
The patient in case 3 was admitted for
routine follow-up esophagoscopy 6 months
after the removal of the original eso
phageal squamous papilloma. On examina
tion the lesion was found to have re
curred. It measured 1.5 cm in diameter
and had the same histologic features as
before. There was no evidence of malig
nant change. Other reports of this tumour
have not mentioned recurrence. Periodic
endoscopy is advisable in the follow-up of
patients with squamous papilloma of the
esophagus.
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Assessment of Student Experiences in Technical
Procedures in Surgical Clerkship
E ric J L azaro, md , frcs[c], facs, B enjamin F. R ush J r , md, facs
James M. B lackwood, md, facs and A.P. Swaminathan, md, facs

To determine the amount of exposure
to technical procedures received by
students at the New Jersey Medical
School, Newark, NJ, during their first
surgical clerkship, a prospective
study was carried out over a 3-year
period. Students completing each 12week clerkship filled in a questionnaire
to indicate whether they had received
exposure to a series of technical
procedures. The study showed that
students received relatively little experi
ence in some important, though less
commonly employed, techniques. It
is therefore recommended that: (a) the
instruction in technical procedures
be carried out on a planned basis; (b)
performance of some routine laboratory
tests by students be curtailed to permit
more time for technical experience
in other areas; and (c) the dog labora
tory be utilized for the teaching and
practice of surgical procedures.
Une etude prospective d’une duree de
3 ans a ete menee afin de deter
miner le degre d'exposition aux

interventions techniques, recu par les
etudiants du New Jersey Medical
School, de Newark, NJ, durant
leur premier internat de chirurgie.
Les etudiants terminant chaque
internat de 12 semaines ont rempli
un questionnaire visant a indiquer
s ils avaient ete exposes a une serie
d'interventions techniques. Cette etude
a montre que les etudiants ont recu
relativement peu d’experience dans
certaines techniques importantes bien
que moins courantes. II est done recommande que: (a) I’enseignement des
interventions techniques soit mene
de facon planifiee; (b) I’exercice de
certaines epreuves courantes de laboratoire par les etudiants soit elimine afin
d’allouer plus de temps pour acquerir
une experience technique dans d'autres
domaines; et (c) I'emploi du chien en
laboratoire soit utilise pour I’enseignement et la pratique des interventions
chirurgicales.

routine in most clinical disciplines.
However, there are some procedures
such as tracheostomy which, although
less frequently employed, may at times
assume great importance and be life
saving. In order to determine the fre
quency with which third-year (first
clinical year) medical students are ex
posed to and perform a variety of
technical procedures, a prospective
study was devised.
Method and Results
The surgical clerkship in the third
year of the medical course at our insti
tution consists of four 12-week blocks
each accommodating between 25 and
35 students. During each 12-week
period students are rotated for 3 weeks
in general surgery at the Martland Hos
pital in Newark, NJ, 3 weeks in gen
eral surgery at an affiliated institution,
2 weeks in urology, 2 weeks in ortho
pedic surgery and 2 weeks in ophthal
mology and otolaryngology. On the
final day of the 12-week clerkship each
student completes a questionnaire de
signed to elicit critical evaluation of
that clerkship. This evaluation has
been a major instrument in enhancing
educational experience. For 3 academ
ic years (1973-74, 1974-75 and 197576) we listed in this questionnaire
several technical procedures and the
students indicated the amount of ex-

While the practical approach to clini
cal teaching has been the keystone of
medical education for decades, evalua
tion of instruction in technical psy
From the department of surgery, College chomotor
skills has received inade
of Medicine and Dentistry, New Jersey
quate attention. The use of a wide
Medical School, Newark, NJ
variety of technical procedures in diag
Reprint requests to: Dr. E. J. Lazaro,
Professor of surgery, College of Medicine nosis and therapy constitutes an im
portant part of patient care, and cer
and Dentistry, New Jersey Medical
School, 65 Bergen St., Newark, NJ
tain technical procedures such as in
07107, USA
travenous blood sampling are almost
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items in our periodic clerkship evalua
tions. However, since instruction in
anesthesiology and emergency room
care is reserved for the second clinical
year we did not, in this study, assess
such procedures as endotracheal in
Discussion
tubation, management of the uncon
The data obtained in this study re scious patient, use of ventilators, treat
vealed serious deficiencies in the pro ment of lacerations and care of the pa
gram. The areas in which students had tient with multiple injuries.
It is our conviction that repetitious
adequate exposure were those common
assisting at long and tedious operations,
in surgical practice such as aseptic
techniques, evaluation and dressing of performance of routine laboratory pro
cedures and unnecessary “scut-work”
wounds, and removal of sutures. In
contrast, a high percentage of students detract from the learning process leav
ing little time for more meaningful
were not exposed to closed cardiac
massage, tracheostomy, sigmoidoscopy clinical experience and study. There
and other maneuvers that are per are several technical procedures such
as the removal of sutures, sigmoido
formed less frequently. There was an
increase over the period surveyed in scopy and the management of sprains
the number of students given the op which, though generally performed by
portunity to drain abscesses and to the junior house staff, might well be
performed by the student under proper
manage chest tubes.
supervision.
There are certain procedures which,
The use of laboratory animals to
although not included in our question
naire, appear to be important items in demonstrate and practise surgical tech
the expertise of any medical practition niques has previously been suggested.1,2
Cut-downs, insertion of chest tubes,
er. Examples of these are peritoneal
tracheostomy, suturing and several
lavage for the diagnosis of abdominal
other techniques can be practised in
trauma and the application of traction
in fractures. Since these skills are like the laboratory. We have found this
teaching exercise to be one of the
ly to be acquired during rotation in
the surgical subspecialties we have al most popular and rewarding aspects of
ways considered it appropriate to ro our surgical clerkship. Others3 have
described similar courses in surgical
tate our students through urology,
orthopedics, otolaryngology and oph techniques using laboratory animals.
In any well-designed surgical clerk
thalmology in the first clinical year.
ship the student should have contact
In the future we shall include these

posure they had been given to each.
The various procedures and student
exposure to each procedure are listed
in Table I.

Table I— Percentage of Students Exposed to Different Technical Procedures during
Surgical Clerkship in Three Successive Academic Years
Year of study and percentage of
students exposed to each procedure
Skills
Aseptic techniques
Suture of wounds
Removal of sutures
Dressing of clean wounds
Evaluation of wounds
Application of casts
Drawing of venous blood samples
Initiation of intravenous infusions
Urethral catheterization
Passage of nasogastric tubes
Indirect laryngoscopy
Isolation techniques
Collection of urine for culture from urethral or
ureteral catheters
Incision and drainage of abscesses
Passage of male urethral sound
Clean-catch collection of urine for culture
Sigmoidoscopy
Paracentesis
Thoracentesis
Management of chest tubes
Calibration and dilation of female urethra
Tracheostomy
Cut-downs
Needle biopsy
Closed cardiac massage

with severely injured patients and
should learn the principles of resuscita
tion not only in the emergency room
but also in the operating room and in
the intensive care ward. The oppor
tunity to assist in resuscitation must be
afforded on a planned basis. In the
second clinical year the student could
have responsibility in the area of
resuscitation that is ordinarily not per
mitted in the first clinical year. Pre
paration for this later experience might
be acquired by observation and prac
tice on animals in the first clinical
year. Recognizing the importance of
resuscitation, we have recently as
signed a student at night to the resi
dents responsible for trauma and have
thus taken advantage of the enormous
experience in trauma available in our
city hospital facility. Some degree of
competence under emergency condi
tions is expected of all medical gradu
ates and medical students anticipate
they will receive training in this area.
However, owing to the diversity of
postgraduate specialization and aboli
tion of the rotating internship only a
few will have further training with
severely injured patients, hence the
value of providing such experience in
the student years.
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Management of Carcinoma of the Extrahepatic Bile Ducts
Karen B lack, md, frcs[c],* Sherif S. H anna, mb , b ch , FRCs[c],f
B ernard L anger, md, frcs[c],$ D ennis W. J irsch, md, ph d, m sc, frcs[c]§
and Walter D. R ider, md, frcp [c], frcr ^I

The records of 80 cases of carcinoma
of the extrahepatic bile ducts were
studied. The median duration of survival,
in months, of patients who were treated
by curative surgery, palliative surgery
and radiation, palliative surgery alone
and biopsy alone was 21.7, 9.3, 5.5
and 1, respectively.
The best results were obtained by
excision of the tumour, but only 10%
of tumours were considered resectable.
A more aggressive surgical approach
to tumours still confined to the bile
ducts might be expected to increase
the resectability rate and improve
survival. The use of a U tube is re
commended because it ensures greater
comfort even though survival is no
longer than when a T tube is used. The
roles of adjuvant radiotherapy and
chemotherapy need further study.
Because of some encouraging responses
with the use of radiotherapy and the
infusion of 5-fluorouracil the authors
are currently evaluating these two
methods of treatment.
Les dossiers de 80 cas de carcinome
des voies biliaires extrahepatiques
ont ete etudies. Les durees de survie
medianes, en mois, pour les patients
qui ont ete traites par chirurgie a visee
curative, chirurgie palliative et irradia
tion, chirurgie palliative ou par biopsie
seule ont ete de 21.7, 9.3, 5.5 et 1,
respectivement.
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Canadian Cancer Society
*Fellow in surgical oncology, The
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Les meilleurs resultats ont ete obtenus apres excision de la tumeur,
mais seulement 10% des tumeurs
etaient considerees resectables. On
peut s'attendre a ce qu’un abord
chirurgical plus agressif des tumeurs
encore confinees aux voies biliaires
augmente le taux des tumeurs resec
tables et ameliore la survie. L'emploi
d'un tube en U est recommande parce
qu’il procure un plus grand confort
bien que la duree de la survie ne soit
pas plus longue que lorsqu’un tube en
T est utilise. Les roles de la radiotherapie d appoint et de la chimiotherapie
necessitent de plus amples etudes.
A la suite de resultats encourageants
avec l’emploi de la radiotherapie et
de la perfusion de 5-fluorouracil,
les auteurs font presentement reva
luation de ces deux modes de traitement.

patients with carcinoma of the extra
hepatic bile ducts admitted to the
Toronto General Hospital and St. Mi
chael’s Hospital, Toronto, or regis
tered at the Princess Margaret Hos
pital, Toronto, between Jan. 1, 1958
and Dec. 31, 1975. Periampullary can
cers and diffuse intrahepatic cholangiocarcinomas were excluded. The diag
nosis in each case was confirmed
histologically at operation or autopsy.
Eighty cases of extrahepatic bile-duct
carcinoma were analysed with respect
to age and sex, presenting symptoms
and signs, site and extent of the disease
at operation, treatment and associated
complications, and length of survival.
Follow-up was complete in every in
stance.
Findings

Age and Sex
Bile-duct cancer represents 2.9% to
4.6% of all malignant tumours found
at autopsy.1 Although these tumours
are usually slow-growing, the patient’s
prognosis is poor. Definitive diagnosis
may be difficult both preoperatively
and at operation because of the ten
dency of such tumours to submucosal
spread with marked surrounding fib
roblastic proliferation. Percutaneous
transhepatic cholangiography and en
doscopic retrograde cholangiopancrea
tography (ERCP) have made preoper
ative diagnosis easier. The tumour
appears as either a relatively discrete
firm nodule, or, more commonly, as a
diffuse sclerosis of the bile ducts.2
Radical excision of bile-duct tu
mours is advocated whenever possible
because resection offers the only hope
of cure, but resection can be carried
out in only 10% of cases.2 Palliative
procedures usually relieve symptoms
and prolong survival since obstructive
hepatic failure rather than disseminated
carcinomatosis kills most patients. Pal
liation by external biliary drainage, in
ternal biliary enteric anastomosis, or
radiotherapy has been advocated. This
paper reviews the effect of current
surgical procedures and radiotherapy.
Material and Methods

There were 53 males and 27 females.
The median age of males was 61 years
(range, 8 to 88 years) and of females
58 years (range, 30 to 83 years).
When first seen these patients often
had obstructive jaundice (Table I) and
thus presented a problem in differen
tial diagnosis. The median duration of
symptoms was 6 weeks (range, 1 week
to IV2 years). The examination of pa
tients seen first at St. Michael’s and
the Toronto General hospitals fre
quently included sophisticated invest
igations such as angiography, percu
taneous transhepatic cholangiography
and, more recently, ERCP.
T a b le l - P r e s e n t i n g S y m p to m s a n d S ig n s in
80 P a t ie n t s w it h B i le - D u c t C a n c e r *

N o. o f
p a t ie n ts
S y m p to m s
J a u n d ic e
P a in
W e ig h t lo s s
P r u r it u s

68
36
37
17

S ig n s
J a u n d ic e
H e p a to m e g a ly
J a u n d ic e a n d h e p a to m e g a ly
P a lp a b le g a llb la d d e r

21
4
54
2

‘ M o s t p a t ie n t s h a d m u lt ip l e s y m p to m s a n d
s ig n s .

The records were reviewed of all
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In 16 patients the correct diagnosis
was suspected preoperatively and con
firmed at laparotomy. In 11 of the 80
patients the diagnosis was missed at an
initial laparotomy carried out to in
vestigate the cause of jaundice. Two
of these 11 patients were treated with
steroids for presumed biliary cirrhosis
before another laparotomy revealed
carcinoma of extrahepatic bile ducts.
In another 4 of these 11 patients three
or more laparotomies were required
before the correct diagnosis was estab
lished. A history of cholelithiasis was
obtained from the records of 21 pa
tients and 2 patients had previously
undergone colectomy for ulcerative
colitis.
Site and Extent o f Disease

The most common site of the tu
mour was the common bile duct (Table
II, Fig. 1). Twenty-five tumours were
at the bifurcation of the hepatic duct
(Klatskin tumour3) or above. There was
no statistical difference in the duration
T a b le 11— S ite o f D is e a s e

S ite
C om m on b ile d u c t
C om m on h e p a tic d u c t
B ifu r c a tio n o f h e p a tic d u c t
R ig h t o r le f t h e p a tic d u c t, o r both

N o . of
p a tie n ts
36
19
12
13
80

of survival between these 25 patients
and 55 patients whose tumour was
below the bifurcation (Fig. 2). How
ever, of the eight patients in whom
the tumour was resected for cure, three
of the five patients with a tumour in the
common bile duct survived 3 years or
longer while not one of the three with
a tumour at the bifurcation of the com
mon hepatic duct survived 2 years.
Adenocarcinoma was the most frequent
histologic diagnosis (Table III). An 8year-old boy had a rhabdomyosar
coma. Fifty-four percent of tumours
were localized to the extrahepatic bile
ducts at the time of diagnosis. In 35%
there was local extension to the liver
and regional lymph nodes. In 6% of
cases the disease was disseminated in
the form of multiple peritoneal or extraperitoneal (usually pulmonary) metastases (Table IV). In 5% of patients
the extent of disease when they were
first seen was not known because of
inadequate information.
Treatm ent

The various forms of treatment used
are listed in Table V. Actuarial sur
vival (measured from date of diagnosis
rather than onset of symptoms) as
sociated with the various treatment
modalities is depicted graphically in
Fig. 3. Eight patients had no treatment
and in three of them the diagnosis was
made at autopsy; in the other five the
diagnosis was made at laparotomy.
After biopsy alone the median dura
tion of survival was just over 1 month.
Two patients had a biopsy and radio
therapy and received 5-fluorouracil

(5-FU); one died after 2 months, pre
sumably of radiation hepatitis but the
other patient lived 20 months with liver
metastases after treatment with radio
therapy and 5-FU.
Biliary decompression was
at
tempted in 70 patients by means of
a palliative or curative procedure and
in 50 of these the obstruction was re
lieved. Palliative surgery alone was
used in 50 patients and the various
procedures are listed in Table VI. The
biliary tree was decompressed using
an internal or external bypass and the
median survival was 5.5 months. Pal
liative surgery was combined with ra-

T a b le

I I I — H is to lo g y

H is to lo g ic d ia g n o s is

No. of
p a tie n ts
76
1
1
2

A d e n o c a rc in o m a
R h a b d o m y o s a rc o m a
L e io m y o s a rc o m a
S q u a m o u s c e ll c a rc in o m a

80

T a b le I V - E x t e n t o f D is e a s e w h e n D ia g n o s is
W as F ir s t M a d e a t L a p a ro to m y

E x t e n t o f d is e a s e
L o c a liz e d to b i l i a r y tr e e
S p re a d to :
L iv e r
R e g io n a l ly m p h nodes
R e g io n a l ly m p h n o d e s a n d
p o r ta l v e in o r h e p a tic
a rte ry
D is s e m in a te d ( th r o u g h o u t o r
o u ts id e p e r ito n e a l c a v it y )
N o t know n

No. of
p a tie n ts
(a n d % )
43

(5 4 )

9
11

(ID
(1 4 )

8

(1 0 )

5
4

(6 )
(5 )

80 (1 0 0 )

T a b le V — T y p e s o f T r e a t m e n t U s e d

T re a tm e n t

FIG. 1— Distribution of 80 cases of
extrahepatic bile-duct carcinoma.
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FIG. 2— Comparison between actuarial
survival of 25 patients with cancer at or
above hepatic duct bifurcation (----------)
and 55 patients with cancer below hepatic
duct bifurcation (— — —). This graph
shows no difference in median duration
of survival of two groups.

B io p s y a lo n e (n o tr e a t m e n t )
B io p s y a t s u r g e r y
D ia g n o s is a t a u to p s y
B io p s y , r a d io th e r a p y a n d 5 -flu o r o u r a c il ( 5 - F U )
P a llia t iv e s u r g e r y o n ly (d r a in a g e
o f b ilia r y t r e e )
P a llia t iv e s u r g e r y a n d ra d io th e r a p y
P a llia t iv e s u r g e r y and
im m e d ia te r a d io th e r a p y
P a llia t iv e s u r g e r y and
d e la y e d r a d io th e r a p y
C u r a t iv e s u r g e r y
C u r a t iv e s u r g e r y o n ly
C u r a t iv e s u r g e r y an d ra d io th e r a p y
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N o .o f
p a t ie n t s
8
5
3
2
50
12
8
4
8
7
1
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diotherapy in 12 patients; in 8 radiation
therapy was given within approximately
1 month after operation, whereas in the
other 4 irradiation was delayed until
recurrence of pain or jaundice some
months later. Of the eight patients Who
had palliative surgery and immediate
irradiation, four had palliative radio
therapy (average dose, 3700 rad) and
four had radical radiotherapy (aver
age dose, 4200 rad). The median sur
vival of these eight patients was 9.3
months.
Complete excision of the tumour was
possible in only eight (10%) patients.
In this small group median survival
was 21.7 months. In some patients, tu
mour confined to the bile duct was not
resected because of its proximity to the
hepatic bifurcation and the consequent
need for hepatic resection.'1
Fourteen patients received chemo
therapy in addition to other forms
of treatment; most commonly 5-FU
was given intravenously or into the
hepatic artery.
There were no 5-year survivors in
this series. The longest survivor was a
patient with a carcinoma of the lower

FIG. 3— Actuarial survival in patients
with cancer of extrahepatic bile ducts ac
cording to mode of treatment. Those sub
jected to surgery for cure do best, those
without treatment (biopsy only) do worst.
All others fall between these extremes.

end of the common bile duct who died
38 months after curative surgery (a
Whipple procedure). Only two patients
in the study are still alive at the time
of writing, one at 1 year and the other
at 32 months after diagnosis. Both pa
tients had palliative surgery and radio
therapy. The one who has survived 32
months is also receiving 5-FU. There
was no difference in the median dura
tion of survival between patients who
had a U tube and those who had a T
tube inserted (Fig. 4).

T a b le V I — T y p e s o f P a l l i a t i v e S u r g e r y in 50
P a t i e n t s w it h B i l e - D u c t C a n c e r
No. of
p a tie n ts *

Type
B ilia r y
B ilia r y
B ilia r y
T tu b e
U tu b e

e n t e r ic b y p a s s a lo n e
e n t e r ic b y p a s s + T t u b e
e n t e r ic b y p a s s - j - U t u b e
a lo n e
a lo n e

9
2
9
22
8

T h r e e p a t i e n t s a ls o r e c e i v e d h e p a t ic i n t r a a r t e r i a l in f u s io n o f 5 - F U .
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Discussion

Complications and Mortality
The complications of the various
forms of treatment employed in this
series are listed in Table VII. The total
operative mortality was 10.7% (13 of
77). The most common surgical com
plication was cholangitis and the or
ganisms most often cultured from the
bile were Escherichia coli, Klebsiella

FIG. 4— Comparison of actuarial sur
vival in 26 patients who had T tube
(----------) and 14 patients who had U tube
(------------ ) inserted as palliative treatment
for bile-duct cancer. Median survival is
similar in both groups.

T a b le V I I — C o m p lic a t io n s o f T h e r a p y

C o m p lic a tio n
C o m p lic a tio n s o f i r r a d i a t i o n
P r o b a b le r a d i a t i o n h e p a t i t i s
C o m p lic a tio n s o f c h e m o t h e r a p y
A lo p e c ia
S u r g ic a l c o m p lic a t io n s
C h o la n g it is
B i li a r y f i s t u l a
R e n a l fa ilu r e
In t r a - a b d o m i n a l a b s c e s s
P n e u m o n ia
G a s t r o in t e s t i n a l b le e d in g
B le e d in g f r o m U tu b e
W o u n d d e h is c e n c e
W ound in fe c tio n o r h e m a to m a
C a r d ia c a r r e s t

and enterococci. After biliary decom
pression episodes of cholangitis were
easily controlled with appropriate anti
biotics. Although 90% of patients sur
vived their operation, most died of
hepatic failure secondary to their di
sease. Radiation hepatitis was the prob
able cause of death in two patients. Two
patients had a subphrenic abscess that
required drainage. One patient Was
found at autopsy to have intra-ab
dominal sepsis.

No. of
p a t ie n t s

2
1
21
5
5
3
4
3
1
1
2
1

The main symptoms experienced by
patients with cancer of the extrahepatic
bile ducts are nonspecific. Jaundice and
weight loss are commonly the first
symptoms noticed. Pain was present in
45% of our patients and in 50% of
the patients whose cases were reviewed
by Ross, Braasch and Warren.2 Jaun
dice or hepatomegaly, or both, was
found on examination in all but 1 of
the 80 patients. In only 16 of our
patients was the disease suspected preoperatively.
Liver scanning, angiography, percu
taneous transhepatic cholangiography
and ERCP have all been used to in
vestigate patients with obstructive jaun
dice but laparotomy is generally re
quired both to confirm the diagnosis
and to relieve obstruction. Recognition
of the tumour may be difficult because
of its location high in the porta hepatis,
its small size, or when it is of an in
filtrating, sclerosing nature. In 11 pa
tients the diagnosis was missed at the
first laparotomy and 4 of these patients
required from three to as many as five
laparotomies before the diagnosis was
established. The lesion may be con
fused with sclerosing cholangitis both
from its gross appearance and the
appearance of the biopsy specimen
because of a commonly associated
fibroblastic reaction.
Distant metastases are unusual. Those
present in this series were almost al
ways found in the lungs. Thus, surgical
incurability is usually due to involve
ment by tumour of liver, hepatic artery,
or portal vein. The cause of death is
hepatic failure secondary to prolonged
biliary obstruction and cholangitis. Ac
cording to Klatskin3 many of the tu
mours are still technically resectable at
the time of death and therefore an
aggressive surgical approach aimed at
resection is to be encouraged. On the
other hand, Ross, Braasch and Warren2
found resection possible in only 10%
of cases so that surgery in most pa
tients was palliative. In our series also
curative resection was attempted in
only 10% of cases. Since one surgeon
rarely sees many of these cases, the sur
geon who only occasionally encounters
this lesion tends to bypass the obstruc-
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tion without attempting resection of
the growth. However, resection is
strongly recommended whenever it is
technically feasible, since it will prob
ably increase the number of long-term
survivors.
Palliation aims at biliary decompres
sion, which can be accomplished with
a biliary enteric bypass, with or with
out a T tube or a U tube, or with either
tube alone. Ross, Braasch and Warren2
believe that the best palliative proce
dure is a bypass of the obstruction and
a biliary enteric anastomosis and this
may be repeated more than once. We
agree with this solution and prefer to
add a U tube to the biliary enteric an
astomosis as described by Saypol and
Kurian5 and Terblanche, Saunders and
Louw.6 The frequency of cholangitis
was lower (6 of 20 patients) when a
biliary enteric anastomosis was used
than when an external bypass alone
(T tube or U tube) was used (14 of 30
patients). In cases of carcinoma at the
bifurcation of the main hepatic duct
that invades the liver, where biliary
enteric anastomosis may be impossible,
a U tube alone provides good pallia
tion.6
Saypol and Kurian5 first described
the use of a U tube in patients with
benign bile-duct stricture. Terblanche,
Saunders and Louw8 later used this
device in cases of malignant obstruction
and it has gradually replaced the T
tube for providing palliation to pa
tients with carcinoma at or above the
bifurcation of the common hepatic duct
at the Toronto General and St. Mi
chael’s hospitals. The technique of Utube insertion is simple. It consists of
passing a stone-grasping forceps as far
up the duct as possible. When it cannot
be advanced further a push will pass
it through the intervening liver sub
stance. The forceps is then opened and
a Silastic catheter is drawn down
through the tract created by the for
ceps. This tube is cut to an appropriate
length and four or five holes are made
in it. These holes should eventually be
situated above and below the anastomo
sis. After the choledochojejunostomy or
hepatojejunostomy is completed the
Silastic catheter is brought out through
the jejunum thus creating the U-shape
of the tube. The two ends of the tube
are then brought out through the an
terior abdominal wall. Initially red
rubber tubes were used but later Silastic
tubes were substituted, being less likely
to precipitate bile and to disintegrate.
The anastomotic site is usually drained
by a Penrose or latex drain brought
out through the anterior abdominal
wall.
We considered whether use of the U
tube might permit longer survival, and
therefore compared the median dura

tion of survival in patients with U
tubes and in those treated by T-tube
insertion. Surprisingly, there was no
difference in the duration of survival
between the two groups (Fig. 4). How
ever, the comfort of patients with a U
tube is greater since this tube can be
irrigated to prevent occlusion, and
even should it become occluded, it can
be replaced without operation whereas
replacement of an occluded T tube
requires further surgery. At the time
of operation a U tube identical to the
one inserted in the patient is fashioned
and stored for possible later use. When
the patient’s U tube becomes blocked
the new one is sutured to one end of
the tube in situ and is pulled into place
as the blocked tube is withdrawn. Such
tubal replacement by “railroading” can
be repeated as required using only an
analgesic.
Carcinoma of the extrahepatic bile
ducts, excluding the periampullary area,
has a poor prognosis, the overall 5-year
survival being less than 5% .7 In our
series there were no 5-year survivors.
Curative surgery is possible in only
10% of cases2 even though in the ma
jority of patients the disease is local
ized to the right upper quadrant of the
abdomen. Unresectability is due to
local invasion of vital structures (portal
vein, hepatic artery) or extension into
the porta hepatis. It seems clear, there
fore, that if survival is to increase
other adjuvant treatment(s) must be
considered. The effectiveness of radio
therapy needs further evaluation.6,8
Palliative surgery followed by radio
therapy has been used successfully in
a small number of patients by Ter
blanche, Saunders and Louw,6 Longmire8 and by us. Preliminary results are
encouraging but the patients require
longer follow-up. Green, Mikkelson and
Kernen9 have reported two cases in
which effective palliation was obtained
by radiotherapy and 5-FU without
surgery. We have treated two patients
in a similar fashion after the diagnosis
was established at laparotomy; one pa
tient survived 20 months and the other
died within 2 months possibly from
radiation hepatitis. Palliative biliary de
compression is recommended whenever
possible, but if it is out of the ques
tion, radiotherapy and 5-FU may offer
good palliation.
The role of radiotherapy as an ad
junct to curative surgery has received
even less attention than its role in pal
liation. A prospective study is required
since the 3-year survival after curative
surgery approximates 20%.10 We plan
to use radiotherapy postoperatively in
patients who have undergone a curative
resection. Our experience with chemo
therapy is mainly limited to intra
venous or hepatic intra-arterial infusion

of 5-FU. Since only 14 of 80 patients
received some form of chemotherapy,
definite conclusions are not possible,
but subjective responses suggest that
intra-arterial administration of 5-FU
may have a role in the treatment of
nonresectable bile-duct carcinomas that
have spread to the liver.
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To lower
blood pressure
during
anesthesia
for selected
surgical
procedures

Nipride

reduces excessive blood loss

Precautions

for controlled hypotension during anesthesia
Rx Summary
‘Nipride' is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection.
Indications
‘Nipride' is indicated for producing controlled hypotension during
anesthesia to reduce bleeding in surgical procedures where deemed
appropriate. Benefit-risk ratio should be carefully considered on an
individual basis.
Contraindications
In the treatment of compensatory hypertension, e.g. arteriovenous
shunt or coarctation of the aorta. It is also contraindicated in physically
poor-risk patients (A.S.A. Risk 5), in patients with uncorrected anemia
or hypovolemia or in those with known inadequate cerebral circulation.
In patients with liver disease, severe renal disease, Leber's optic
atrophy and disease states associated with vitamin B 1 2 deficiency.
Warnings
‘Nipride’ is only to be used as an infusion with sterile 5% dextrose
in water without preservatives. Not for direct injection. Infusion rates
greater than 8 ng/kg/m inute are virtually never required. If at this
rate an adequate reduction in blood pressure is not obtained within
10 minutes, administration of ‘Nipride’ should be stopped.
Fatalities due to cyanide poisoning have occurred following sodium
nitroprusside administration. One factor is common to all known
cases, namely that large amounts of nitroprusside were infused at
high rates. Since detoxification relies upon enzymatic action, the
rare possibility of deficient or atypical enzymes occurring in humans
should always be considered. Patients most apt to run into difficul
ties are those who are resistant to the hypotensive effect or those
in whom maintenance at the selected blood pressure level is difficult
or impossible.
Constant attention to the patient’s dose-response characteristics
is mandatory. If infusion rates are in excess of 8 jig /kg /m in u te deter
mine the nature of the response (effective constant response at
higher dose; tachyphylactic; resistant - none or less than expected).
As soon as either tachyphylaxis or resistance is determined the infu
sion of ‘Nipride’ should be discontinued immediately. In abnormal
responders it has been noted that metabolic acidosis may occur
at higher doses.
Caution should be exercised in using 'Nipride' in patients with hypo
thyroidism or severe renal impairment.
Blood levels of thiocyanate should be determined if treatment is to
be extended especially in patients with severe renal dysfunction
As long as blood thiocyanate levels do not exceed 10 m g /100 ml, it is
probably safe to continue with the infusion. Peritoneal dialysis can
be helpful if too high levels of thiocyanate are found.
Hypertensive patients are more sensitive to the intravenous effect
of sodium nitroprusside than are normotensive subjects. Patients
receiving concomitant antihypertensive medications (especially
hydralazine or hexamethonium) are more sensitive to the hypotensive
effect of sodium nitroprusside and the dosage of 'Nipride' should
be adjusted downward accordingly.
The following Warnings apply to the use of ‘Nipride’ for controlled
hypotension during anesthesia:
1. Extreme caution should be exercised in patients who are especially
poor surgical risks (A.S.A. class 4 and 4E).
2. Tolerance to blood loss, anemia and hypovolemia may be dimin
ished. If possible, preexisting anemia and hypovolemia should be
corrected prior to employing controlled hypotension.
3. Hypotensive anesthetic techniques may alter pulmonary ventilation
perfusion ratio. Patients intolerant of additional dead air space
at ordinary oxygen partial pressure may benefit from higher oxygen
partial pressure.
4. Resistance and tachyphylaxis occur more frequently in normoten
sive patients infused with sodium nitroprusside. Induction of delib
erate hypotension in healthy young individuals may prove to be
more difficult than in other segments of the population.
5. Upon discontinuance of the sodium nitroprusside infusion for the
purpose of controlled hypotension during anesthesia a rebound
hypertension has been observed on rare occasions.

Adequate facilities, equipment and personnel should be available
for frequent and vigilant monitoring of blood pressure. When the infu
sion is slowed or stopped, blood pressure usually begins to rise imme
diately and returns to pretreatment levels within one to ten minutes.
It should be used with caution and initially in low doses in elderly
patients, since they may be more sensitive to the hypotensive effects
of the drug.
If, in the clinical situation, stress induced by pain or manipulation
is reduced or eliminated during 'Nipride' infusion, the patient could
experience a greater than expected reduction in blood pressure
unless the rate of infusion is adjusted downward as required.
‘Nipride’ tends to deteriorate in the presence of light. Therefore, the
infusion bottle should be wrapped with aluminum foil or other opaque
material. Solutions of 'Nipride' should not be kept or used longer
than four hours. 'Nipride' in aqueous solution yields the nitroprusside
ion, which reacts with even minute quantities of a wide variety of
organic and inorganic substances to form usually highly coloured
reaction products (blue, green or dark red). If this occurs, the infusion
should be replaced as quickly as possible.
Adverse reactions
Nausea, retching, emesis, diaphoresis, apprehension, headache,
restlessness, agitation, muscle twitching, retrosternal discomfort and
chest pain, palpitations, dizziness, faintness, weakness, rash, abdo
minal pain, confusion and somnolence have been noted with too
rapid reduction in blood pressure. These symptoms rapidly disap
peared with slowing of the rate of infusion or temporary discontinua
tion of infusion and did not reappear with continued slower rate
of administration.
Irritation of the injection site may occur. Methemoglobinemia and
one case of hypothyroidism following prolonged therapy have been
reported.
Dosage and administration (for controlled hypotension)
Use of ‘Nipride’ in anesthetized normotensive patients undergoing
deliberate hypotensive surgery must be restricted to carefully
selected cases. There is a possibility of an abnormal response
occurring in normotensive patients. In this event, the infusion of
‘Nipride’ should be discontinued immediately. (See Warnings).
The contents of a 50 mg 'Nipride' vial should be dissolved in 3 ml
of sterile dextrose in water without preservatives. No other diluent
should be used. Depending on the desired concentration, all of the
prepared stock solution should be diluted in 500 or 1000 ml of 5 per
cent sterile dextrose in water and promptly wrapped in aluminum
foil or other opaque material. Both stock solution and infusion solu
tion should be freshly prepared and any unused portion discarded.
The freshly prepared solution for infusion has a very faint brownish
tint. If it is highly coloured, it should be discarded. (See Precautions).
The solution should not be kept or used longer than four hours from
initial reconstitution. The infusion fluid used for the administration
of 'Nipride' should not be employed as a vehicle for simultaneous
administration of any other drug.
'Nipride' dosage varies considerably from patient to patient, hence
the need for individual titration. The infusion should be started at
the lower dosage range, 0.5 jxg/kg/minute and increased by
0.2 /ig/kg/m inute every 5 minutes until the desired reduction in
blood pressure is obtained. The blood pressure usually starts to drop
immediately or at least within a few minutes. Continuous monitoring
of the blood pressure is necessary. Blood pressure should not be
allowed to drop at too rapid a rate and systolic pressure should not
be lowered below 60 mm Hg.
Infusion rates greater than 8 jig /kg/m inu te should rarely be used.
The maximum recommended dose is 800 jxg/minute.
'Nipride' should be administered by an infusion pump, micro-drip
regulator or any similar device that will allow precise measurement
of the flow rate. Avoid extravasation. The rate should be adjusted
to maintain the desired hypotensive effect, as determined by frequent
blood pressure determinations.
For the use of 'Nipride' in the treatment of hypertensive crises please
refer to the Product Monograph.
Supply
'Nipride' is supplied in 5 ml amber-coloured vials containing the
equivalent of 50 mg sodium nitroprusside for dilution with 5 percent
sterile dextrose in water (available in packages of 10).
Product Monograph available on request.
* Reg. Trade Mark for sodium nitroprusside 'Roche'
®Reg. Trade Mark

Usage in pregnancy
The safety of 'Nipride' in women who are or who may become preg
nant has not been established; hence, it should be given only when
the potential benefits have been weighed against possible hazard
to mother and fetus.
Usage in children
The safety of 'Nipride' in children has not been established. Clinical
experience is limited.

'-------v Hoffm ann-La Roche Limited
R O C H E > Vaudreuil, Quebec
J7V 6B 3

Can. 8042

(sodium nitroprusside)

Les effets d’une obstruction chronique et
progressive du canal pancreatique principal sur
I’epithelium des canaux et sur le tissu
pancreatique exocrine
S im o n B ir o n , m d , f r c s [c ] et R ea A. B r o w n , m d , fr c s [c ]

L'incidence accrue du cancer du
pancreas nous a incite a etudier un
modele experimental servant a produire
une obstruction progressive des canaux
pancreatiques.
Quinze chiens batards furent etudies
durant 1 a 11 semaines. Un papier de
cellophane enroule et attache lachement
autour du canal, pres du duodenum,
a servi a produire I'obstruction. Une
pancreatographie preoperatoire a permis
d'identifier et de ligaturer les canaux
accessoires. Nous presentons les
resultats des determinations enzymatiques, amylases et phosphatases
alcalines, des pancreatographies
repetees et des coupes histologiques.
L'obstruction progressive provoque une
augmentation de I’epaisseur cellulaire
dans les canaux au cours de la premiere
semaine postoperatoire, et une pancreatite aigue accompagnee d'une
elevation marquee de I'amylase (264%)
et de la phosphatase alcaline (209%).
Apres 4 semaines les canaux se
recanalisent et les enzymes reviennent
a des niveaux normaux.
Ce modele est utile pour etudier la
cinetique des canaux pancreatiques et
la pathophysiologie lors d'une obstruc
tion pancreatique chronique.

the needle was then withdrawn.
All minor ducts were identified by
pancreatography and then ligated with
2-0 silk. Each animal was followed up
by repeated ductal pancreatography
and measurements of serum amylase
and alkaline phosphatase concentrations.
Histologic, histochemical and ultrastructural studies were also performed.
On both gross and microscopic exami
nation each animal demonstrated
chronic pancreatitis with preservation of
the islands of Langerhans. In the
early period (4 to 7 days) complete
ductal obstruction occurred as dem
onstrated by pancreatography and by
elevated serum values for amylase
(264% increase) and alkaline phosphatase
(209% increase). In contrast to what
is seen after acute ductal ligation,
the ductal epithelial cells increased in
number and height. At 4 weeks a new
collateral ductal system had developed
and serum amylase and alkaline
phosphatase values had reverted to
normal.
This model is useful in studying the
kinetics of pancreatic ductal regenera
tion and the pathophysiology associated
with chronic pancreatic ductal
obstruction.

The alarming increase in the number
of clinical cases of carcinoma of the
pancreas provides the stimulation to
search for an experimental model that
produces chronic progressive obstruc
tion of the main pancreatic duct.
Fifteen mongrel dogs were studied
for 1 to 11 weeks. To induce chronic
progressive obstruction of the pan
creatic duct, a cellophane tape was
placed around the main duct adjacent
to its entrance into the duodenum
and tied over a needle with a
diameter identical to that of the duct;

Au debut de 1973, le National Cancer
Institute (Etats-Unis) organisa une
journee d’etude pour elaborer un plan
d’approche des neoplasies pancreati
ques.1 Les 10 participants firent le
point sur l’etat actuel des connaissances dans ce domaine et recommanderent la realisation de travaux dans
les champs de la recherche fondamentale, du diagnostic et du traitement.
Us mirent 1’accent sur la coordina
tion des etudes cliniques, sur la detec
tion precoce, et sur la participation
d’un plus grand nombre de biochimistes pour mieux definir la patho
physiologie du pancreas.
Les etudes epidemiologiques demontrent, de faqon indiscutable, une aug
mentation de l’incidence des carcinomes du pancreas en Amerique du
Nord. Cette augmentation a debute
avec les annees 1940 et elle s’est faite

Du departement de chirurgie, le
Montreal General Hospital, Montreal, PQ
Les demandes de tires-a-part doivent
etre adressees au Dr R. A. Brown,
Departement de chirurgie, The Montreal
General Hospital, 1650 ave des Cedres,
Montreal, PQ H3G 1A4
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plus importante dans les releves se
rapportant aux 10 dernieres annees.2
Presentement les neoplasies pancreati
ques represented environ 15% de
tous les cancers du tube digestif et se
classed quatrieme parmi les causes de
deces aux Etats-Unis. Au Quebec, en
1973, 471 deces furent attribues a
un cancer du pancreas,3 soit 7.7 par
100 000 de population, et l'incidence
du cancer du pancreas a plus que dou
ble depuis 1965. y
Modeles experimentaux

Les modeles experimentaux decrits
dans la litterature qui ont servi a etu
dier le pancreas, sont innombrables.
Cependant on peut les classifier sous
trois tetes de chapitre; (a) ceux qui
visent a etudier le pancreas endocrine
ou qui cherchent a prouver le role
d’une obstruction du canal pancreati
que dans la production d’une pancreatite, (b) ceux qui s’appuient sur la possi
bility de regurgitation de bile ou d’autres
substances dans les canaux du pancreas
et qui jugent de leur toxicite, et (c)
les methodes indirectes d’atteinte pan
creatique comprenant l’administration
per os ou par voie parenterale de
substances variees.
Modele d’obstruction progressive

Les nombreuses experiences d’ob
struction des canaux du pancreas ont,
le plus souvent, accorde leur attention
soit aux llots de Langerhans, soit aux
acini ou aux toutes premieres cellules
des canaux, en negligeant par le fait
meme le canal excreteur principal et
ses branches immediates qui sont le
foyer d’origine des maladies du pan
creas exocrine.
Les modeles developpes a ce jour
n’offrent pas d’analogie avec ce qui
°e passe dans les canaux au cours de
1’evolution d’un adenocarcinome ou
d’une hyperplasie. D’apres nous, dans
ces deux families de maladie, il se
produit une obstruction progressive et
chronique d’un canal pancreatique.
Plusieurs modeles experimentaux capa-
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bles de produire une obstruction pro
gressive d’un conduit ont ete decrits;
on note, entre autres, la technique
d’obstruction des veines porte et cave
de Grindlay et Mann.4,5 Celle-ci consiste a placer un ruban de cellophane
lamine autour du conduit destine a
etre obstrue. II s’ensuit un oedeme
du conduit autour duquel le ruban est
applique, puis l’apparition de tissus fibreux. La contracture progressive de
ce tissu fibreux entraine une reduc
tion graduelle du diametre du conduit.4
Choix de l’animal experimental

Notre choix d’un animal d’experience se porta sur le chien. Plusieurs
raisons nous firent opter en ce sens.
Premierement, le chien est, a ce jour,
l’un des animaux les plus frequemment
employes pour l’etude du pancreas et
de ses maladies, ce qui rend les comparaisons plus faciles si besoin est.
Deuxiemement, le prineipe meme de
notre modele experimental exigeait que
nous utilisions un animal chez qui
nous pouvions retrouver un canal pan
creatique principal de calibre respecta
ble, qui ne soit pas uni trop intimement
au choledoque.
Materiel et methodes

Quinze chiens batards, males et fe-

FIG. 1—Pancreatographie montrant les
canaux normaux (fleche) et un canal accessoire qui va se jeter dans le duodenum.

melles, pesant entre 15 et 20 kg, furent
utilises pour etudier les effets d’une
obstruction progressive du canal pan
creatique principal sur l’epithelium des
canaux et sur le tissu pancreatique exo
crine. Chaque animal fut garde a jeun
pour au moins 12 heures avant l’operation qui se pratiquait de faqon
sterile et sous une anesthesie generale au pentobarbital sodique, a raison
de 25 mg/kg, donne par voie endoveineuse. La laparotomie fut faite par
incision mediane. La seconde partie
du duodenum a ete immobilisee et
une duodenotomie de 5 a 10 cm a ete
pratiquee au bord antimesenterique de
la region ou, souvent, nous pouvions
palper le canal pancreatique venant
s’aboucher au duodenum.
La papille duodenale secondaire ou
s’abouche le canal pancreatique prin
cipal, etait alors facilement identifiee
et canulee a l’aide d’un tube de polye
thylene (PE 50 a PE 70); puis, les
canaux pancreatiques etaient visualises
en injectant 1 a 2 mL d une solution
fluide d’huile iodee (Lipiodol).
La pancreatographie a ete imprimee
sur un film Kodak RP Royal X-O mat
Kidney Surgery.
Les canaux pancreatiques accessoires mis en evidence par cette methode ont ete identifies, attaches et
coupes (Fig. 1). Le canal pancreatique
principal a alors ete disseque des tissus

environnants. Un morceau de papier
de cellophane, d’une largeur de 6 mm,
a ete enroule autour du canal et d’une
aiguille ayant a peu pres le meme
diametre que le canal, puis noue a
deux reprises (Fig. 2). L’aiguille etait
retiree de telle sorte que le canal pan
creatique n’etait plus que partiellement
obstrue. Le peritoine adjacent a alors
ete suture au duodenum.
Notre protocole experimental, apres
cette premiere intervention, consistait
a laisser evoluer les processus d’oedeme
et de cicatrisation sur differentes periodes de temps. Les chiens furent sacrifies a partir de la premiere semaine
apres l’intervention, et jusqu’a 11 semaines plus tard. Au moment de la
deuxieme intervention et du sacrifice,
le pancreas etait immobilise et des
biopsies du tissu peripherique prises
alors que l’animal etait toujours vivant. Une dose lethale de pentobarbi
tal a alors ete administree a l’animal
au moment ou le pancreas etait extirpe en bloc avec la seconde partie du
duodenum et le choledoque terminal.
Une ou les deux extremites de la
glande ont alors ete coupees pour
nous permettre de canuler un canal
pancreatique collecteur et d obtenir
une pancreatographie post-mortem par
voie caudale.
Les pieces de la glande gardees pour
etudes histologique et biochimique
etaient les suivantes (Fig. 3): tissu peri
pherique pour coloration au bleu de
toluidine (1,2); canal pancreatique
collecteur a mi-longueur des deux par
ties de la glande pour coloration au
bleu de toluidine (3,4); tissue peripheri
que pour determination de la phos
phatase alcaline intrapancreatique (5);
et bloc de la region de l’obstruction
comprenant le canal principal, le cello
phane et la paroi duodenale pour colo
ration avec hematoxiline et eosin (6).
Resultats

FIG. 3—Schema des biopsies pour etu
des histobiochimique.

Pathologie macroscopique

Au moment de la seconde laparo
tomie les constatations macroscopiques
varierent avec la duree de 1experien
ce. Apres 1 semaine, le pancreas mon
trait des signes de pancreatite oedemateuse (Fig. 4). Chez quelques speci
mens, le mesentere adjacent au pan
creas etait tachete de cytosteatonecrose
(Fig. 5).
Les glandes soumises a 1obstruction
pendant 4 semaines et plus etaient atrophiques, nodulaires et fermes (Fig. 6).
L’examen plus particulier des canaux
revela, qu’a l’etat normal ils avaient
un diametre interne de 1 a 2 mm et
que leurs parois etaient minces et
souples. Durant les premieres semaines
d’obstruction, la lumiere est devenue

FIG. 4—Pancreatite oedeinateuse apres
6 jours d'obstruction.
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FIG. 2—Pancreas normal— le cello
phane passe sous le canal pancreatique.
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beaucoup plus large alors que les parois demeuraient inchangees. Avec le
temps cependant, les parois des canaux
sont devenues plus epaisses et rigides,
et la lumiere moins dilatee.
Pancreatographie
Les pancreatographies du pancreas
normal mirent en evidence, dans les
trois-quarts des cas, l’existence d’un ca
nal accessoire (Fig. 1). La reaction
oedemateuse precoce a la presence du
papier de cellophane autour du canal
produisit, apres 1 semaine, une obstruc
tion presque complete du canal et une
dilatation marquee, en amont, de 1’obstruction non seulement du canal collecteur principal mais aussi de ses
branches (Fig. 7).
Au cours des semaines suivantes,
le canal principal s’est repermeabilise
au niveau du mecanisme obstructif, ce
qui a permis l’ecoulement du contenu
des canaux dans le duodenum. Distalement, il est reste une dilatation importante du canal principal (Fig. 8). A plus
long terme, on a note 1’ouverture de
communications nombreuses mais te
nues entre le canal collecteur et le
duodenum; a partir de ce moment, aucune pancreatographie ne montra une
dilatation tres marquee du systeme de
drainage (Fig. 9).

FIG. 9— Pancreatographie illustrant la
repermeabilisation et la stenose du canal
principal a 78 jours.

FIG. 5— Taches de bougies dans le
mesentere.
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FIG. 10— Mesures de l’amylase serique.

Enzymologie
Amylase.—La distribution des amylasemies en periode preoperatoire fut
assez large, avec des valeurs de 1800
a pres de 7000 U I/L (Fig. 10). Dans
la periode de 1 a 4 jours, on nota
une elevation marquee et significative;
ce phenomene persista pour quelque
temps, soit jusqu’au 15" jour postoperatoire. Apres ces deux premieres
semaines, I’amylasemie s’abaissa pour
se situer a l’interieur de la distribution
de la periode preoperatoire.
Phosphatase alcaline.—En periode
preoperatoire, la moyenne des taux
sanguins de phosphatase alcaline fut
de pres de 25 U /L avec une distribu
tion de 12 a 47 U /L (Fig. 11). Durant
la periode postoperatoire immediate, on
nota une elevation significative des
taux sanguins, mais ceux-ci retournerent dans des limites normales des la
fin de la premiere semaine postopera
toire.
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FIG. 11— Mesures de la phosphatase
alcaline serique.

FIG. 7—Pancreatographie montrant une
dilatation marquee du canal principal a
13 jours.

Histologie
Suite a l’obstruction chronique, il se
produit des chambardements importants
de l’apparence generate du canal prin
cipal pres de l’obstruction. La surface
epitheliale montre d’irregulieres et tres
nombreuses invaginations qui restent
cependant tapissees par un epithelium
cylindrique (Fig. 12).
Faite sur les coupes prises a milongueur de la glande, l’etude de l’epi550

FIG. 8— Pancreatographie montrant une
dilatation marquee du canal principal a
21 jours.

FIG. 12— Canal pancreatique principal
apres 10 jours d’obstruetion montrant de
nombreuses invaginations (hematoxyline et
cosine, image reduite de 39% apres
grossissement de 40 X).
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thelium cylindrique a fort grossissement (Fig. 13) demontre qu’a 1 semaine les cellules sont plus hautes et apparaissent plus nombreuses (Fig. 14).
Avec 1’evolution du processus, on note
l’apparition tres frequente de grains a
coloration dense qui se situent a l’apex
des cellules (Fig. 15); finalement, on
voit la formation de bulles a l’apex des

FIG. 13— Cellules normales du canal
pancreatique principal (au bleu de toluidine, image reduite de 48% apres grossissement de 1000 X).

cellules et leur excretion dans la lu
miere des canaux (Fig. 16).
Pour ce qui est du tissu peripherique, apres 2 a 4 semaines les acini sont
remplaces en grande partie par de la
fibrose. Les Hots de Langerhans, pour
leur part, restent presents en meme
quantite.
D iscussion

Nous croyons que le principal avantage de ce modele pour l’etude du
comportement du pancreas et, en particulier, de ses canaux en situation de
stress, est qu’il permet une analogie
avec des situations de faits cliniques.
Du point de vue clinique, il apparait
que lorsqu’une obstruction du systeme
de drainage pancreatique se produit,
(’obstruction est, le plus souvent, partielle ou intermittente. L’obstruction
secondaire a la metaplasie du canal
pancreatique, facteur important selon
Rich et Duff,6 est une obstruction partielle. La fibrose du sphincter produit
aussi une obstruction partielle. La lithiase biliaire du choledoque ne bloque habituellement le canal pancrea
tique que partiellement.7 Le cancer du
pancreas reduit frequemment le ca
libre du choledoque et du canal pan
creatique, jusqu’a causer l’atrophie du
pancreas en amont.8
Pancreatographie

FIG. 14— Hypertrophic apres 1 semaine
(au bleu de toluidine, image reduite de
48% apres grossissement de 1000 X).

FIG. 15— Granules denses a l’apex des
cellules apres 10 semaines (au bleu de
toluidine, image reduite de 48% apres
grossissement de 1000 X).

FIG. 16— Expulsion de 1’apex dans la
lumiere du canal apres 10 semaines (au
bleu de toluidine, image reduite de 48%
apres grossissement de 1000X ).

L’apparition de nouveaux instru
ments optiques a rendu possible la
pancreatocholangiographie retrograde
par voie orale.
Nakano et collegues9 decrivent trois
formes d’image radiologique correspondant a l’obstruction complete, a la le
sion stenosante et a la compression des
canaux avec changement de trajet.
L’obstruction progressive du canal
pancreatique selon notre modele pro
duit des images radiologiques qui entrent naturellement dans le scheme
d’obstruction stenosante de la tete du
pancreas.
De plus, les pancreatographies post
mortem que nous avons obtenues, apres
1 a 3 semaines d’obstruction partielle,
se comparent en tous points aux pan
creatographies decrites par Carey10 pour
des patients presentant un point uni
que d’obstruction. Le fait qu’a 4 se
maines ou plus, nous ne retrouvions
pas une dilatation tres marquee, mais
moderee, peut s’expliquer de plusieurs
fa§ons. L’oedeme au point d’obstruc
tion se resorbant, celle-ci est moins
complete et les secretions peuvent s’ecouler plus facilement. L’ouverture de
nouvelles voies de drainage permet aussi
un ecoulement plus facile du jus pan
creatique. Enfin, la paroi des canaux
etant plus epaisse et rigide, ceux-ci se
dilatent moins facilement. N ’ayant
pas mesure la capacite de secretion de

ces glandes, nous ne pouvons etablir
si la dilatation des canaux est moindre parce que la quantite de jus pan
creatique secretee est moindre.
Enzymologie

Elman, Arneson et Graham11 furent
les premiers a etablir l’association d’une
hyperamylasemie avec une pancreatite, et ils recommanderent que l’amylasemie soit utilisee comme test diagnostique. Cependant les niveaux d'amylasemie ne peuvent servir de base pour
etablir le degre d’atteinte pancreati
que12 que lorsque les deux parametres
dont ils sont dependant, sont connus,
soit la permeabilite des canaux et l’integrite du tissu glandulaire.13
L’obstruction du canal pancreatique,
qu’elle soit complete,14 partielle ou in
termittente,8 produit une hyperamylase
mie qui tend a se normaliser apres 2
semaines.
La manipulation du pancreas lors
de la dissection du canal pancreatique
doit etre en partie responsable de l’augmentation de l’amylasemie au cours
des premiers jours postoperatoires.
Mais, dans l’ensemble, nous croyons
que la pancreatite oedemateuse avec
obstruction du debit du jus pancrea
tique est responsable de l’elevation de
l’amylase sanguine, alors que les phenomenes chroniques ne produisent pas
d’hyperamylasemie.
La phosphatase alcaline, en enzyme
contenant du zinc,15 est presente dans
plusieurs tissus humains et dans les
pancreas de plusieurs especes animales.
II atteint des taux eleves dans le pan
creas du chien,16 chez qui des etudes
histochimiques ont montre que la prin
c ip a l localisation de la phosphatase al
caline est l’endothelium des capillaires
sanguins, des acini et des Hots.16 Le
fait que nous n’ayons mesure une aug
mentation significative que durant les
premiers jours postoperatoires, peut
done etre explique par un traumatisme
direct de la glande et des capillaires
autour du canal principal. La pancrea
tite oedemateuse ne serait peut-etre pas
un processus assez severe pour provoquer une decharge massive de cet en
zyme dans la circulation.
Histologie

La dilatation des canaux pancreatiques en amont de l’obstruction implique
naturellement une augmentation de
pression dans le canal. Cette augmenta
tion de pression cause probablement la
formation de sinus dans la paroi du
canal principal, pres du point d’obstruc
tion. Nous croyons pouvoir faire un
rapprochement entre ces sinus et les
sinus de Rokitansky-Aschoff dans la
vesicule biliaire, principalement lorsque
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d’une inflammation.9
genesis of acute hemorrhagic pan
tique principal sur l’epithelium cylinEtudiant les changements precoces drique des canaux.
creatitis. Bull Johns Hopkins Hosp 58:
212, 1936
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7. H erman RE, D oris JH: The role of
pancreatique, Churg et Richter17 ont
Conclusions
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note que les cellules des canaux prein the etiology of pancreatitis. Surgery
L ’obstruction progressive des canaux
sentent des bulles apicales et s’apla48: 318, 1960
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Critique of Item 94 (SESAP II)
T he occtirrence of hyperosmolar, hyperglycemic,nonketotic coma has been documented in each
of the four choices. With appropriate precautions, the syndrome is preventable. An awareness
of the condition is important to the surgeon who may encounter it in each of the four situations
In comatose patients, the diagnosis is confirmed by elevated levels of blood glucose and often
sodium without evidence of ketosis. When measured, the osmolarity of serum is always increased
Although the mechanisms of this form of coma vary, the treatment is the same in all cases’
and consists of the immediate administration of insulin and water.
E
References
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Efficacy of Systemic Heparinization in Maintaining
Patency of the Incised and Cannulated Brachial Artery
D oris Kavanagh-G ray,

Alternate members of a group of 100
cardiac patients subjected to right and
left heart catheterization studies and
angiography received 5000 units of
heparin intravenously prior to arterial
cannulation. There was no instance of
arterial occlusion among these 50
patients, while in 6 of the control group
the incised brachial artery became
occluded. No complications of hepar
inization were observed. It is recom
mended that, where no contra
indications exist, all patients subjected
to brachial artery incision and can
nulation receive systemic anticoagulation.

md , frcp [c] and

E. J ohn G ray,

of occlusion. The former method has
been tried and found ineffective.7 The
study reported below assesses the ef
ficacy of systemic heparinization in
preventing arterial occlusion after in
cision and cannulation.

md , frcs [c]

Discussion

We have found the rate of occlusion
of the brachial artery after incision
and cannulation for cardiac diagnostic
procedures to be approximately 10%.
In a previous study conducted by the
senior author,7 arterial injection of he
Patients and Method
parin into the vessel distal to the in
One hundred consecutive patients, cision did not decrease the rate of
aged 9 to 68 years (mean, 40 years) occlusion which persisted at 10%;
who had not previously received anti also, in no patient already receiving
coagulants and who were submitted to anticoagulants systemically did the
diagnostic cardiac catheterization and brachial artery become occluded and
angiography constituted the study for that reason the present study of
group. They had fasted and were sed systemic heparinization was instituted.
It is claimed that a high cardiac
ated with meperidine and secobarbital
Sur une serie de 100 malades atteints
sodium. With the use of sterile pre output and absence of atherosclerotic
de cardiopathies et soumis a des
disease also decrease the frequency of
cautions and less than 5 mL of a 2%
explorations par catheterisme droit et
solution of lidocaine hydrochloride with occlusion.7-9 In this study the mean
gauche et par angiographie, un sujet
1:100 000 epinephrine solution as local cardiac index for the heparinized group
sur deux, choisi alternativement, a repu
anesthesia, a right antecubital vein was (2.9) and for the controls (3.0) was not
cannulated by cut-down technique and significantly different. Similarly, the
5000 unites d’heparine par voie
intraveineuse prealablement a I'introthe right heart studied. The catheter presence of atherosclerosis (in three of
duction arterielle de la sonde. Aucune
tip was left positioned in the pulmo the heparinized subjects and in two of
nary artery for later determination of the control group) appeared to play
occlusion arterielle n’est survenue chez
cardiac output and the brachial artery no role. The small number of patients
ces 50 malades, tandis que, chez 6 des
was identified. In alternate patients, with atherosclerosis is explained by the
sujets du groupe temoin, il s’est
heparin, 5000 units, was then injected circumstance that in our institution
produit une occlusion de I'artere
through the venous catheter. Subse patients with suspected coronary ar
brachiale incisee. Aucune complication
quently the brachial artery was incised tery disease are studied by the percu
de I'heparinisation n’a ete observee.
and cannulated and a left heart study taneous femoral technique. The ma
On recommande que, sauf contreperformed. When this had been com jority of the patients in this study (74)
indication, tous les sujets soumis a
pleted, all catheters were removed, the suffered from valvular heart disease.
I'incision de I’artere brachiale et la
vein was ligated and the artery repaired The mean age, sex and nature of the
pose d'une sonde recoivent une
using 6-0 silk on an atraumatic needle. cardiac disorder were similar in the
anticoagulotherapie generate.
All procedures were carried out by the study and the control groups.
No complications attended hepar
The frequency of brachial artery oc same operator (DK-G). No study lasted
clusion following incision and cannu more than 60 minutes and no arterial inization in any of our patients. Al
lation of the vessel varies widely; it cannulation more than 20 minutes. At though the anticoagulant effects were
has been reported in as few as 0.3 %* the completion of the procedure and not reversed with protamine, exces
of cases and in as many as 65.5% .:2 again 4 hours later the radial pulse sive bleeding was not a problem. The
Experienced operators use small, was palpated and its presence or ab interval between the first reparative
arterial stitch and the first skin stitch
flexible, specially coated catheters and sence noted.
(when it was considered that all bleed
manipulate them gently and as briefly
Results
ing had ceased) averaged 5 minutes in
as possible. Injection of heparin disIn none of the 50 patients who re the heparinized group and 6 minutes
tally into the artery3-5 and systemic
anticoagulation6 have been proposed ceived anticoagulants systemically did in the control group. Unfortunately no
as means of decreasing the frequency the artery distal to the incision become observations were made on the pre
occluded. In 6 of the 50 who were not sence of postoperative bleeding or the
given anticoagulants, and who therefore size of any hematomas. However, no
From the division of cardiology and the
department of general surgery, St. Paul’s
acted as controls, the artery became serious complication was noted in
Hospital, Vancouver, BC
occluded as evidenced by the absence of either group. The most troublesome
Reprint requests to: Dr. D. Kavanagha palpable radial pulse at the completion post-procedure problem was seepage
Gray, Department of cardiology,
of
and at 4 hours following the proce of blood from the wound which was
St. Paul’s Hospital, 1081 Burrard St.,
controlled by pressure bandaging.
dure.
Vancouver, BC V6Z 1Y6
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Addendum
Since completion of this study, another
36 consecutive patients have received he
parin systemically prior to brachial artery
incision and cannulation and there has
been no instance of arterial occlusion.
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1978 DAVIS & GECK SURGICAL ESSAY AWARD

The presentation of the 1978 Davis & Geek Surgical Essay Award for Residents took place at St. Joseph’s Hospital
London, Ontario, on Oct. 3, 1978.
The winner of the 1978 award was Dr. Brian M. Taylor (second from right), resident in general surgery at the
University of Western Ontario. Dr. Taylor took his medical training at the University of Western Ontario and
was awarded his MD in 1975. Dr. Taylor’s paper entitled “Preinfarction Diagnosis of Acute Mesenteric Ischemia Using
fn T 979 eaSUrement ° f In° rganie PhosPhate in Body Fluids’’ will appear in the Canadian Journal of Surgery early
The awiu-d was presented by Mr. John W. Ployart (right), marketing manager for Cyanainid of Canada Limited, oil
bch1a'fIof P avi* & Geck’ Also Present were Dr- c - Barber Mueller (left), coeditor of the Canadian Journal of Surgery,
and Mr. John Stavroff, regional representative for Davis & Geck.
The editorial board and the coeditors of the Journal thank Davis & Geck for providing this award. They extend
congratulations to Dr. Taylor and their thanks to all who participated in this year’s competition.
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BOOK REVIEWS

BACKACHE. Ian Macnab. 135 pp. Illust.
The Williams & Wilkins Company,
Baltimore; Burns & MacEachern Lim
ited, Don Mills, 1977. $20. ISBN
0-683-05353-1.

The author, an international authority on
low back pain, has condensed the results
of many years of research and extensive
clinical experience to produce this book.
This distillation has created an eminently
readable work, written in an amusing and
interesting style. Macnab has succeeded
admirably in fulfilling the book’s stated
purposes: to provide a working classifica
tion of the common causes of low back
pain and to establish guidelines for the
examination and management of a few
common syndromes associated with back
pain.
The section on history-taking is par
ticularly original; emotional responses are
treated under such headings as “the razor’s
edge syndrome” and “the worried sick
syndrome”.
Macnab not only presents his good re
sults but does not hesitate to deal with the
failures of spinal surgery. He also attempts
to explain the reasons for such failures.
He discusses at length the subject of disc
degeneration and the syndromes associated
with it and outlines clearly the various
forms of treatment now available.
One minor point of disagreement may
be mentioned in connection with the
author’s treatment of isthmic spondylo
listhesis, a syndrome in the growing child
that usually results in a severe deformity:
recent modifications of the Harrington
instrumentation have succeeded in cor
recting this deformity. Its use together
with an L4-to-sacrum fusion now produ
ces good results.
This book is informative and will be
understood by the family practitioner as
well as the specialist. It will be read with
interest by all those active in the field
of orthopedics and related fields and has
all the makings of a best seller.
G.W.D. A rmstrong , md , frcs [c ]
Department of orthopedic surgery,
Ottawa Civic Hospital,
Ottawa, Ont.
CICATRIX OPTIMA. Techniques for
Ideal Wound Healing. Janos Zoltan,
E.F. Shaw Wilgis, Frederik Hansen and
others. 215 pp. Illust. University Park
Press, Baltimore, 1977. $39.50. ISBN
0-8391-0815-X.

If all surgical residents absorbed the les
sons of this book at an early stage of their
training there would be less work for
plastic surgeons later on.
Dr. Zoltan is a professor of plastic
surgery at the Postgraduate School of
Medicine in Budapest, Hungary. The book,
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handsomely produced and of coffee table
size and elegance, apparently has a wide
distribution in the Iron Curtain countries.
The subject of optimal wound healing
is introduced by the critical comment that
surgeons often concentrate on such areas
as tissue vitamin levels when better re
sults in healing wounds can be obtained
by paying attention to a few simple sur
gical rules. This is demonstrated by a
series of clear photographs supplemented
by diagrams and text.
The first half of the book contains de
tailed comments on local anesthesia, in
struments, the planning and execution of
incisions and simple wound closures. Em
phasis is placed on avoiding unsightly
scars. There is a description of the man
agement of keloid and hypertrophic scars
and of dressing techniques.
Grafts, flaps and special excisional tech
niques are described in the last half of the
book. Each section begins with a dis
cussion of principles, followed by their
application to specific areas of the body.
The book ends with a description of the
authors’ method of abdominal lipectomy.
Dr. Zoltan calls this book a picture
book “for surgeons to copy on the body
with their scalpels”. But it is actually
more than that since reasons are given
for each technique portrayed.
The book could have been improved
by tighter organization and the elimina
tion of some sections. It is disconcerting
to find a discussion on anesthesia for rhi
noplasty in the middle of the section of
facial wound closure. The discussion of
grafts should have preceded that of flaps,
since grafts often provide the best solu
tion for most surgeons faced with an un
usual problem in wound closure. Group
ing the subjects into larger but fewer
sections would have made the book easier
to use as a reference guide.
The introduction to the discussion of
flaps is sketchy and possibly a trap for
the unwary. Axial flaps are not mentioned.
Hence, all the flaps described have a ran
dom blood supply. The bipedicle flap is
too enthusiastically endorsed and is sug
gested for the hand in instances where, in
my opinion, it is contraindicated.
In places the book advocates practices
that would not be followed in North
America. In those areas that stray too far
from our own North American methods
the American editors have been quick to
inject a caveat.
Despite these defects I know of no other
text that presents the subject of surgical
handicrafts as well. The technique of Zplasty and the excision of dog ears are
explained particularly well; this will be
valuable to those unfamiliar with these
minor but useful procedures.

This book should be required reading
for all surgical residents. It should also
prove a good introduction for neophytes
in plastic surgery and a useful aide-me
moire for the practising surgeon.
K. A nderson , md, frcs [c]
Department of surgery,
St. John’s General Hospital,
St. John’s, Nfld.
A

DIAGNOSTIC APPROACH
TO
CHEST DISEASES. Differential Diag
noses Based on Roentgenographic Pat
terns. 2nd ed. Glen A. Lillington and
Robert W. Jamplis. 608 pp. Illust. The
Williams & Wilkins Company, Balti
more; Burns & MacEachern Limited,
Don Mills, 1977. $62.

This well-organized book fulfils a distinct
need in respiratory medicine and is an
improvement on the first edition. As be
fore, the authors have based their discus
sions largely on the interpretation of chest
roentgenograms; it is remarkable there
fore that this work does not include a
radiologist as coauthor.
In part 1 the authors deal with the
techniques used in establishing a diag
nosis of chest disease; in part 2 they de
pict the most common roentgenographic
patterns of disease. Part 3 is the main body
of the text; in it the authors discuss the
differential diagnosis of abnormal roent
genographic patterns. They describe,
where pertinent, the processes and the
applicable clinical and laboratory features.
In addition the authors have included a
section on diagnostic management in
which they discuss the various diagnostic
procedures available. The sections on the
solitary pulmonary nodule, multiple pul
monary infiltrates and pulmonary infil
tration with eosinophilia are particularly
well done.
The main deficiency of the book is the
bibliography. Sources are not directly
referenced to specific items in the text;
instead, general references to broad cate
gories are presented at the end of each
chapter. This means the reader cannot
trace and evaluate specific items of in
terest. Another deficiency is exemplified
in the section on biopsy. The authors re
commend that bilateral lung specimens be
obtained by fiberoptic bronchoscopy; this
is a local opinion, not accorded general
acceptance because many experts consider
the risk of bilateral pneumothorax too
great.
There are other errors in the book. For
example, we are told that the patient
should brush his teeth and gargle with an
antiseptic before providing a sputum spe
cimen, and that a 24-hour sputum speci
men is required for the diagnosis of tu
berculosis. These conditions are not al-

VOLUME 21, NO. 6, NOVEMBER 1978 / THE CANADIAN JOURNAL OF SURGERY

ways necessary. The authors refer to the
detection of skeletal metastases with a
bone survey; this technique is now consi
dered to be inferior to isotopic bone scan
ning. While the physiologic defects as
sociated with lung disease are considered in
several chapters some of these discussions
are incomplete. An additional chapter de
voted to pulmonary physiology in disease
states would have been more appropriate.
In the chapter on dyspnea, the discussion
of exercise testing is not adequate and is
below the standard of the rest of the book.
The authors have provided an interest
ing summary of diagnostic problems in
chest disease. Chest physicians and sur
geons in training will find it of partic
ular value.
M . L ertzm an,

m d , f r c p [c ]

Health Sciences Centre,
University of Manitoba,
Winnipeg, Man.
PEDIATRIC AND ADULT RECON
STRUCTIVE SURGERY. Edited by
John A. Libertino and Leonard Zinman.
320 pp. Illust. The Williams & Wilkins
Company, Baltimore; Burns & MacEachern Limited, Don Mills, 1977. $46.
ISBN 683-04978-X.

This book, the outgrowth of a postgradu
ate symposium held by the Lahey Clinic
Foundation, is intended to stress the tech
nical aspects of reconstructive urologic
surgery for both the experienced practition
er and the resident in training. It has 20

contributors and is divided into four sec
tions devoted to the kidney, ureter, bladder
and genitalia, and urethra. The first and
last sections contain short discussions on
embryology. The book is well illustrated
and the layout provides easy reading and
access to reference information.
Unfortunately, as with any work by a
number of authors, there is a wide range
in the quality of individual chapters. Vet
eran authors such as Blandy, Gittes,
Hendren, Leadbetter Jr., Politano and
D.I. Williams present the excellent argu
mentation we have come to expect of
them, although at times they fail to men
tion alternative points of view or give
them short shrift. Indeed, some chapters,
not necessarily those of the authors
named, are purely presentations of per
sonal experience rather than complete ex
positions of a given topic. This is prob
ably because the book is a published sym
posium rather than a prima facie text.
In general, the book does not fulfil the
promise of its preface to stress technical
aspects of reconstructive urologic surgery.
Most specialists in urology will be fam
iliar with the aspects of the topic ap
plicable to adults, and one would expect
residents about to sit their examinations
to have detailed knowledge of the area.
However, more junior trainees in urology
must read this material with guidance,
lest they mistake some of the biases of
the authors for the generalities of a text
book. Surgeons outside the field of urol

ogy or general practitioners may find the
book useful as a basis requiring further
reference.
J .F . SCHILLINGER, MD, FRCS[C]

Chief,
Division of urology,
Children’s Hospital of Eastern Ontario,
Ottawa, Ont.
PROGRESS IN PEDIATRIC HEMA
TOLOGY/ONCOLOGY. Vol. 1. Hemo
philia in Children. Edited by Margaret
W. Hilgartner, Carl Pochelly and
Denis R. Miller. 213 pp. Illust. Publish
ing Sciences Group, Inc., Littleton;
Chimera Press Inc., Willowdale, Ont.
1977. Price not stated. ISBN 0-88416138-2.

This book on childhood hemophilia is a
compendium of chapters prepared by a
number of authors from major centres
in the United States. It is intended to be
a review for those interested in pediatric
hematology and oncology. Included are
discussions on the molecular structure of
coagulation factors, genetic counselling
and laboratory evaluation. The chapter
on genetics is detailed and up-to-date. On
the other hand, the section on laboratory
evaluation is superficial; the reader want
ing to initiate new testing procedures in
his laboratory will have to look else
where for the exact details.
Certain sections of this book will be
of particular interest to surgeons. The

The Royal College of Physicians and Surgeons of Canada

THORACIC SURGERY — EXAMINATIONS
The first examinations leading to the Certificate of Special Competence in the specialty of Thoracic Surgery will be held in
September, 1979. Prospective candidates should note the following;
1 Only candidates who are Royal College Certificants in General Surgery are eligible to take the examinations in Thoracic Surgery.
2 Candidates who wish to take the examinations in 1979 should send a documented account of their training in Thoracic Surgery to the
address below as°soon as possible, and, in any case, not later than December 1, 1978. Only candidates whose assessment of creden
tials is complete will be eligible to take the examinations. There is no charge for this assessment.
3. Further information may be obtained from:
Division of Training and Evaluation,
Royal College of Physicians and Surgeons of Canada,
74 Stanley Avenue,
Ottawa, Ontario, Canada, K1M 1P4.

Le College Royal des Medecins et Chirurgiens du Canada

EXAMENS — CHIRURGIE THORACIQUE
Le premier examen en vue du certificat de competence particuliere en chirurgie thoracique aura lieu a I'automne de 1979. Tous les
candidats qui sont interesses a se presenter a cet examen devront prendre connaissance de ce qui suit:
1. Les candidats qui dPsirent se presenter aux examens en chirurgie thoracique doivent etre dStenteurs du certificat de specialiste en
chirurgie g6nerale du College royal.
2 Les candidats qui dPsirent se presenter aux examens en 1979 doivent envoyer les details de leur formation en chirurgie thoracique
L f p r e u v e f l appui, a I'adresse ci-dessous, le plus tot possible et au plus tard le 1er decembre 1978. Les candidats ne peuven, etre
admisPa I'examen avant que (’appreciation de la formation soit terminee. II n'y a pas de frais a payer pour cette appreciation.
3. On peut obtenir de plus amples renseignements a I'adresse suivante:
Division de la Formation et de (’Evaluation,
College royal des M6decins et Chirurgiens du Canada,
74, avenue Stanley,
Ottawa, Ontario, K1M 1P4.
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chapters on musculoskeletal problems and
pseudotumours are examples. The discus
sion on reconstructive surgery is good and
includes appropriate references but little
operative detail. On the other hand, the
chapter on pseudotumour is written by a
surgeon and is more technically oriented.
Appropriately, the nonoperative manage
ment of joint and soft tissue hemorrhage
is included. The chapters on renal disease
and neurologic complications are medically
oriented, but there is considerable overlap
with the respective surgical subspecialties.
The editors have included a lengthy dis
cussion on the management of dental prob
lems with cross references to the problems
associated with local and general dental
anesthesia.
One of the most valuable parts of the
book is the chapter written by Hilgartner
on current therapy. She has included
tables detailing preoperative investigations,
modes of therapy and dosages of coagula
tion factors for both major and minor
procedures. The subject of hepatic com
plications in long-term replacement ther
apy is covered in several places; however,
a more detailed discussion would be a
welcome addition. The editors have suc
cessfully gathered the recent advances in
the field into one volume. Social aspects
are also included; the problems of home
care, the psychologic complications, and
the financial and emotional cost of hemo
philia to the family and society are con
sidered. Pediatricians, hematologists and
surgeons who treat hemophiliac patients
will find this a concise review of current
developments in hemophilia.
J.B. M c S heffrey , md, fr cp [c]

Medical director,
Saskatchewan division,
Canadian Red Cross Blood Transfusion
Service,
Saskatoon, Sask.
QUESTIONS AND ANSWERS IN OR
THOPAEDICS. For Students, Interns,
Residents, and Board Aspirants. 3rd ed.
Edited by Bloyd G. Goodman and
George R. Schoedinger, III. The C.V.
Mosby Company, Saint Louis, 1977.
16.30. ISBN 0-8016-1900-9.

This book contains almost 1700 questions
and answers related to the basic and clin
ical science of orthopedic surgery. The
answers are accompanied by appropriate
references. The questions include the mul
tiple-choice variety, but the authors use
other formats as well.
The section on adult orthopedics has
been completely revised in this new edi
tion and the sections on hand surgery,
orthotics, pathology and prosthetics have
been changed considerably. The other
sections, however, remain similar to the
corresponding chapters in the previous
edition.
The title suggests that the book is of
value to students, interns, residents and
board (fellowship) aspirants. However, it
would seem applicable only to the last
two groups because of the detailed knowl
edge required to answer most questions.
The preface recommends this book to
practising orthopedic surgeons, but the
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necessity of the close proximity of a wellstocked library would make this imprac
tical for most.
In the Canadian context, the absence
of key-type questions and the relatively
small number of multiple-choice single
answer questions limits the book’s value
as a means of preparing for the written
fellowship examination of the Royal
College of Physicians and Surgeons of
Canada.

TRANSACTIONS OF THE SIXTH IN
TERNATIONAL
CONGRESS
ON
PLASTIC AND RECONSTRUCTIVE
SURGERY. Paris, 24-29, August, 1975.
Edited by Daniel Marchac. 735 pp.
Illust. Masson, Paris, 1976. Price not
stated. ISBN 2-225-45485-X.

rhe recording of the transactions of the
Sixth International Congress on Plastic
and Reconstructive Surgery held in Paris
was unfortunately marred by economic
considerations. Because no financial sub
J ohn H. W edge, md , frcs [c]
sidy was available it was not possible to
record the entire meeting or publish in
Assistant professor of orthopedic surgery
University Hospital,
full all the papers submitted. This book
Saskatoon, Sask.
is therefore largely a collection of selected
abstracts; 200 papers are listed by title
only. Sections are devoted to basic tech
SURGICAL
TECHNIQUES
ILLUS niques, research, teaching, hand and lower
TRATED. Vol. 2, No. 2, Spring 1977.
limb, genitalia, skin tumours and burns,
Anterior Resection of the Rectum.
Sphincter-Saving Rectal
Resections. as well as aesthetic surgery, head and neck
Edited by Ronald A. Malt. 90 pp. II- reconstructive surgery and microsurgery.
lust. Little, Brown and Company (Inc.), Because they are considered to be in the
Boston, 1977. Annual subscription rates forefront of advances in plastic surgery,
$68, US; $75, foreign.
the last two topics have been emphasized.
In several cases a paper has been published
This excellent review, which covers an in its entirety. In particular, craniofacial
terior resection and sphincter-saving opera surgery, facial palsy and microvascular
tions of the rectum, has been prepared by surgery as it applies to the specialty are
eight distinguished British and American given extensive coverage.
surgeons.
The editor has attempted to impart
The first half of the book is devoted to
a discussion of anterior resections for le balance to the book by publishing papers
sions involving the upper one third of the from as many countries as possible, thus
rectum and rectosigmoid. (Unfortunately, indicating the various levels of sophistica
the authors do not discuss the role of tion of plastic surgery in different parts
salpingo-oophorectomy in women with of the world. The large number of papers
rectosigmoid cancer.) General measures from the Orient is particularly note
used in checking the extent of resection, worthy.
bowel preparations, suturing techniques,
Thirty-eight symposia or round-table
problems and complications are em discussions took place during the meeting
phasized. Illustrations outlining the pro and provided lively and provocative in
cedures are clear and accurate. But this teraction. Unfortunately only a few of the
section contains unnecessary repetition; a symposia chairmen submitted reports or
single operation is described by three abstracts from their meetings. Hence most
authors who use similar methods with of the controversial points raised at these
only minor variations in technique.
sessions and the questions submitted from
the audience are not included.
In the second half, the authors describe
various sphincter-saving rectal resection
This account will be of most use to the
procedures, mainly those applicable to the experienced surgeon who wishes to know
treatment of midrectal and low rectal the state of the art in other countries. In
benign and malignant lesions. They also only a few instances are details given; this
consider the management of lesions that is therefore not a reliable source for the
may appropriately be dealt with by resec details of technique, nor is the reader able
tion and anastomosis of the bowel. If the to evaluate the success of the different
patients are to have a reasonable chance
methods used. It is unfortunate that this
for cure, these lesions, located 5 to 10 book is the only published record of such
cm from the anus, must be treated with a an important international meeting; it is
combined abdominoperineal resection. The
hoped that many of the papers will be
indications, limitations, techniques and published in full elsewhere.
complications associated with these pro
I an R. M unro , ma, m b , b chir , frcs[c]
cedures are discussed in a concise manner
by each author and the illustrations in Division of plastic surgery,
most instances are excellent.
The Hospital for Sick Children,
The enthusiastic application of many Toronto, Ont.
of the procedures described in this book
may preclude the primary objective of
cure. Some of the operations are neglected
UROLOGIC PATHOLOGY: THE PROS
at present but many will gain greater
TATE. Myron Tannenbaum. 419 pp.
Illust. Lea & Febiger, Philadelphia; The
acceptance in the future. This book will
Macmillan Company of Canada Limited,
be a practical guide to the various alterna
Toronto, 1977. $32.95. ISBN 0-8121tives in the treatment of the subjects
0546-X.
covered.
Although the title of this book implies cov
C.H. G raham, md , frcs[c]
erage of all diseases of the prostate gland,
carcinoma is the only pathologic process
Department of surgery,
Victoria General Hospital,
dealt with in depth. The title is misleading;
Halifax, NS
Tannenbaum has included one chapter on
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prostatitis and fragmentary comments on
benign hyperplasia. The chapter on pros
tatitis, although interesting, appears out of
place in a book devoted essentially to
carcinoma of this gland. The book is
divided into a number of sections. These
include an introductory section on his
tory and epidemiology, and a full review
of immunobiology, histochemistry and
prostatic enzymes as they apply to the
study of prostatic carcinoma. In addition
this section includes a summary of the
clinical and histologic staging of carci
noma of the prostate and the role of
hormones in the development and control
of prostatic carcinoma. A third section
contains a review of current treatment of
prostatic carcinoma and includes review
chapters on surgery, radiotherapy and cry
osurgery. In the final section the authors
present a survey report on the histopathology of carcinoma and the pitfalls in
establishing a diagnosis.
The sections on immunobiology and iso
enzymes of the prostate achieve their goal
of reviewing present-day knowledge and
potential future developments. Quite prop
erly, in the chapter on etiology and epi
demiology, more questions are asked than
are answered. This serves as a reminder
of our true lack of knowledge of both
benign hyperplasia and carcinoma. The
chapters on clinical staging and grading
of carcinoma summarize the accepted con
cepts; those urologists unfamiliar with the
recent literature will find these chapters
especially helpful.
The chapter on acid phosphatase reviews
in some detail the biochemical drawbacks
associated with the assay of this enzyme.
Unfortunately, no mention is made of the
various immunologic methodologies used.
Also the place of bone marrow as an
alternative source of enzyme in prostatic
carcinoma is not described.
The treatment section includes an ex
cellent review chapter on the physiologic
indications for therapy in carcinoma of
the prostate and the problems that arise
because of the limitations of present diag
nostic techniques. No clear position is
stated in the treatment section with regard
to the value of lymphangiography and
lymphadenectomy in carcinoma of the
prostate; the role of the latter procedure
especially requires further definition.
The book is recommended to all those
interested in carcinoma of the prostate,
irrespective of their discipline; it contains
a useful resume of current knowledge and
provides references to many important
current papers on the subject.
A

ndrew

W.

B ruce,

m b

,

ch

b

,

f r c s [c]

Department of urology,
Queen’s University,
Kingston, Ont.
VENOUS THROMBOEMBOLISM. Pre
vention and Treatment. Edited by John
L. Madden and Michael Hume. 240 pp.
lllust. Appleton-Century-Crofts, New
York, 1976. $15. ISBN 0-8335-9406-9.

A number of authors have contributed
to this collection of 12 articles on topics
of current interest in the diagnosis and
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prevention of venous thromboembolic dis
ease. The text begins with an analysis of
known risk factors including a particularly
careful discussion of the role of oral con
traceptive medications; the limitations of
clinical diagnosis are repeatedly em
phasized. This is followed by two detailed
review articles in which the advantages,
limitations and applications of the newer
diagnostic methods are discussed. Veno
graphy, fibrinogen scanning, plethysmo
graphy and Doppler ultrasound flow meter
examination are all included in the dis
cussion. Impedance plethysmography in
particular is assessed as a reliable, nonirivasive method of detecting deep vein
thrombosis in the lower extremity at or
above the popliteal level. This method has
the added advantage of being easily re
peatable, and data are presented to show
that the failure of this method to detect
clots in small calf veins is not a serious
limitation.
Of 286 patients in one series in whom
the results of impedance tests were normal
and in whom anticoagulants were not
prescribed, only 1 had evidence of pul
monary embolism. Of 114 patients in the
same series who were treated with heparin
for suspected calf clots, hemorrhagic com
plications occurred in 10; of these 7 had
major complications. The authors con
cluded that treatment for calf clots is
more hazardous than the untreated con
dition.
Included in the book is an interesting
study of the physiology of venous empty
ing as influenced by anesthesia, position,
compression, bandaging and aortic cross
clamping. Major emphasis is placed on
external and pneumatic compression of
the legs by inflatable plastic boots as a
method of preventing deep vein throm
bosis in high-risk patients, such as those
undergoing total hip replacement. Evid
ence is presented to show that the use of
these appliances pre- and postoperatively
does diminish the incidence of deep vein
thrombosis. Problems reported with the
boots include air leaks, patient discom
fort and transient peroneal nerve dys
function. This mechanical method is shown
to produce better results than prophylactic
administration of anticoagulants.
The book is of particular value as a
source of up-to-date information about
the diagnosis and prevention of deep vein
thrombosis. It gives a balanced analysis
of the advantages and disadvantages of
the newer diagnostic techniques and a
detailed presentation of the theory and
practice of external pneumatic compression
as a prophylactic measure. Unfortunately,
there is very little emphasis on the treat
ment of venous thromboembolism. My
principal criticisms of the book are that
it is a somewhat disorganized collection
of articles, and the papers included are of
varying quality; many of them must be
read carefully to extract data that would
hold up to critical statistical analysis.
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m d , f r c s [c ]

Department of surgery,
Ottawa Civic Hospital,
Ottawa, Ont.
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capsule after each unformed stool. Daily
dosage should not exceed eight (8) cap
sules (16 mg).
2. Chronic Diarrhea
The recommended initial dose of IMODIUM
is two (2) capsules followed by one (1)
capsule after each unformed stool until
diarrhea is controlled. When the optimal
daily dosage has thus been established,
this amount should then be administered in
one or two doses each day. A daily dose of
eight (8) capsules will rarely need to be
exceeded. After control has been achieved,
the dosage of IMODIUM should be reduced
to meet individual requirements.
DURATION OF TREATMENT: IMODIUM
may be administered for prolonged periods
of time. Blood, urine, liver and kidney
function, ECG and ophthalmological
examinations have revealed no significant
abnormalities after several years of
administration. No tolerance to the antidiar
rheal effect has been observed. Naloxone
pupil challenge studies in patients with
chronic diarrhea who have received
IMODIUM orally for prolonged periods
indicate a lack of CNS effects.
AVAILABILITY: IMODIUM Capsules (light
grey body, dark green cap) contain 2 mg of
loperamide hydrochloride. Capsules are
packaged in bottles of 100.
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